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TKe ei,in.t.ti. r. bm t/the United Slalet are inferior to Ihots 
tf my other nm'aett country. Their faults are those of direo. 
liwr, of slopes, of shape, of surface, and generally of defi- 
ciejoy in all the attributes of good roads. Some of these 
defects are indeed the unavoidable results of the scantiness 
of capital and of labor in a new country, but most of them arise 
from aji ignorance either of the true principles of road-making, 
or of the advantages of putting those principles into prnc 
tice. They may therefore be remivad by a more general diiTu- 
sion of scientific instruction upon this subject, and (o assist in 
bringing about this consummation is the object of the present 
volume. In it the author has endeavored to combine, in a 
systematic and symmetrical form, the results of an engineer- 
ing experience in all parts of the United States, and of an 
examination of the great roads of Europe, with a careful di. 
gestion of all wjcessible authorities, an important portion of 
the matter having never before appeared in English. He has 
striven to reconcile the many contradictory theories and 
practices of road-making ; to select from them those which 
are most in accordance with the teachings of science ; to 
present aa clearly and precisely as possible the leading fea- 
tures of those approved, laying particular stress on such aa 
\en violated or neglected ; and to harmonize tha 
successful but empirical practice of the English engineers 
with the theoretical but elegant deductions of the French. 



Before the oonslruclion of a road b commenct J, its maken 
flhould well determine " What it ougU to be," in the vital 
points of direction, slopes, shape, surface and cost. This is 
therefore the first topic discussed in this volunne. The next 
is the " Location" of the road, or llie choice of tlie ground 
over which it should pass, that it may fulfil the desired 
conditions. In this chapter are given methods of perform- 
ing all the necessary measurements of distances, directions 
and heights, without the use of any inslruments but such as 
any mechanic can make, and any farmer use. Tho " Cim- 
airuelion''' of the road is next explained in its details of Esca- 
vatioD, Embankment, Bridges, Culverts, &c. At this stage 
of |irogroE3 our road-makers too generally stop short, but the 
road should not be considered complete till " The Improve 
mtat of its ivffaee" has been carried to as high a degree of 
perfection as the funds of the work will permit. Under ihia 
iiead aje examined earth, gravel, McAdam, paved, plank and 
other roads. " Rliil-roads," and their motive powers, are 
treated of in the next chapter. The " Management of loum 
roads" is last taken up, the evils of the present system of 
Boad-tax are shown, and a better system is suggested. In 
llie " Appendix" are minute and practical examples of ihe 
calculations of Excavation and Embankment. 

To enable this volume the better to attain its aim of being 
Joubly useful, as a popular guide for the farmer in improving 
the roads in his neighborhood, and as a College Text book, 
intloductory to the general study of Civil Engineering, the 
tnathemnliclil investigations and professional details have been 
printed in smaller type, so as to be readily pas.sed over by 
the unscientific reader. 

~ 3'nice tho 9tA piibltintinn of tlija Masdai., id 1B4T, Kitilronds hiM wj 
N|iiiSy <niinia«Bil in extent nsd impartaim, tliiil il liiis been laipo^aibla to 
keei. ihB slifc-lil nkotcli of Item whicti rornin Ciinpbor V., abrciwt of tha 
»ulj.'M \.y mera ulriinilloiiB nnd B.MIlio.w. Tho oiillior ia lliereforE prt- 
twrliiB to pnliMi, w Bpoeilily si jimlleo Lo tlia snbjubt vM permit,. ■ 
■pboiat TniUTm; oil Buutmo^ tompHsiii; tlis priiteiplea \u\i yrAtnt 
pructioo of Iheir Loonllon, Constrqotion, e.v.i 'VVorkine, in this Coniitrf 
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INTRODUCTION. 



The Roads of a country are accurate and certain testa 
of the degree of its civilization. Their construction is 
one of ihe firsi indications of the emergence of a people 
from the savage state ; and their improvement keeps pace 
with the advances of the nation in numbers, wealth, in- 
dustry, and science — of all which it is at once an element 
and an evidence. 

Roads are the veins and arteries of the hody politic, 
for through them flow the agricultural productions and the 
commercial supplies which are the life-blood of the slate. 
Upon the sufficiency of their number, the propriety of 
their directions, and the unobs true ted ness of their courses, 
depend the ease and the rapidity with which the more 
distant portions of the system receive the nutriment which 
is essential to their life, health, and vigor, and without a 
copious supply of which the extremities must languish 
and die. 

But roads belong to that unappreciated class of bless- 
ings, of which the value and importance are not fully felt, 
because of llie very greatness of their advantages, which 
are so manifold and indispensable, as to have rendered 
their extent almost universal and their origin forgotten. 
Perhaps we will better appreciate them, if we endeavor to 




imagine what would be our condition if none liucl ever 
been constructed. 

Suppose, tlien, tlial a travjsller had occasion to go from 
Boston to Albany, and that no road between the two 
places was yet in existence. In the first place, how would 
he find his way? Even if he knew llial his general di- 
rection should be towards the setting sun, the sun would 
be often hidden by day, and the stars by night ; and, there 
being no roads, there would be no engineers and no sur- 
veyor's compass. The moss upon the north side of the 
trees might be in some degree a guide to him, if he were 
skilled in woodcraft ; but he would at last become so be- 
wildered, that, like lost hunters on the ptairies, he would 
begin to believe that the sun rose in the west, set in the 
east, and was due north at mid-day. 

Allowing, however, that he was fortunate enough to 
retain the true direction, would he be able to follow it' 
In the forest he must force for himself a passage through 
the tangled underwood, and make long circuits arouud the 
fallen trees, which no axc-men have as yet cleared away. 
Through the swamp he must struggle amid the slippery 
and deceitful mud, for no road-maker has yet built the 
causeway. Over the mountain he must clamber only to 
again descend, for topographical science has not taught 
him how much he would gain by winding around its base. 
The rocky walls of precipices he must arduously climb, 
and perilously descend, for no engineer has as yet blasted 
a passage through them. Meeting a deep river, or even 
a mere mountain torrent, if he cannot ford or swim it, he 
must seek its head with many miles of added travel, to be 
doubled again bj- his return to liis original direction. All 
this while, -too, be can subsist only by precarious hunting ; 
for, thore-teiiig Mo roads, -ihe*&'"woiild be tio ihnsf and 
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DO call scarcelj carry himself along, much leas a store ol 
provisions. 

Loolt nnxv at the contrast, and at the ease, speed, and 
comfort with which the modern traveller fiies from place 
to place upon that best of all roads, a railroad. 

But the increase of personal comfort is only a petty 
item in estimating the importance of roads, even in despiti! 
of Dr. Johnson's exclamation, that life has no greater 
pleasure than being whirled over a good road in a post- 
cbaise. More important is ihe consideration, that, in 
the absence of such facilities, the richest productions 
of nature waste on the spot of their growth. The lux- 
uriant crops of our western prairies arc sometimes left 
to decay on the ground, because there are no rapid and 
easy means of conveying them to a market. The rich 
mines in tiie northern part of the state of New York are 
comparatively valueless, because the roads among the 
inounlains are so few and so bad, that the expense of the 
tTansporlalion of the metal would exceed its value. So, 
too, in Spain, it has been known after a succession of 
abundant harvests, liiat the wheat has actually been al- 
lowed to rot, because it would not repay the cost of car- 
riage,* In that counliy, for similar reasons, sheep are 
'killed for their fleece only, and the flesh is abandoned ; as 
is likewise the case with cattle in Brazil, slaughtered 
-merely for their hides. 

Such are the effects of the almost total want of roads. 
Among lliose which do exist, the difference, as to ease, 
■rapidity, and economv of transportation, caused by the va- 
rious degrees of skill and labor "bestowed upon lliem, is 
much greater than is usually .imagined, particularly by 
farmers, whom ihey most concern- 
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One imporlant difference lies in the grades or longitu 
diaal slopes of a road. Suppose that a roud rieca a hun- 
dred feel in the distance of two thousand feet. Its ascend- 
ing slope is then one in twenty, and (as will be hereafter 
proven) one-twentieth of the whole load drawn over it in 
one direction, must be actually lifted up this entire height 
of one hundred feet. But upon such a slope a horse can 
draw only one half as much as he can upon a level road, 
and two horses will be needed on such a road to do the 
usual work of one. If the road be intrusted to the care 
of a skilful engineer, and be made level by going round 
bills instead of over them, or in any oilier way, there will 
be a saving of one half of the former expense of carriage 
•OD it. 

Another great difference in roads hes In the nature of 
lir surfaces; one being hard and smooth, and another 
soft and uneven. On a well-made road of broken stone, a 
horse can draw three limes as much as he can upon a 
gravel road. By making, then, such a road as the former 
(according to the instructions in Chapter IV.) in the place 
of the latter, the espenaes of transportation will be re- 
duced to one-third of their former amount, so that two- 
lliirds will be completely saved, and two out of three of all 
ihe horses formerly employed can then be dispensed with.' 
If such an improvement can he made for a sum of money, 
the interest of which will be less than the total amount of 
the annual saving of labor, it will be true economy to 
make it, however great the original outlay j for the de 

* In the sbaence of eueh an iinprareiDeDt, wben lbs Spanish gOYBm- 
ment reqiLiifd a supply of grain lo be tranarerred from Old Caatile to 
Madrid, 30,000 horacs and mulca were iieceeaary for Ihe transporlalian □/ 
Upon a brokeu-Mons road of Ihe beat wrt, oiw-Aiin 
dl6iltli of that number could catily hove dene the work. 
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INTRODUCTION. 

lion of all such questions depends on considerations of 

imparalive profit. This part of ihe subject wjll be more 
minutely esainined at the end of Chapter I., in considering 
" What roads ought to be as to their cost" 

The profits of such improvements are not confined to the 
proprietors of a road, (whellier towns, or companies re- 
munerated for these expenditures by tolls) but are shared 
by all who avail themselves of the increased facihties ; 
consumers and producers, as well as road-owners. If 
wheat be worth in a city a dollar per bushel, and if it 
cost 25 cents to transport it thither from a certain farming 
district, it will there necessarily command only 75 cents. 
If now by improved roads the cost of carriage is reduced 

10 cents, the surplus 15 cents on each bushel is so nmch 

ibsolute gain to the community, balanced only by the cost 

improving the road. Supposing that a toll of 5 cents 

'ill pay a fair dividend on this, there remains 10 cents per 

ishel to be divided between the producer and the con 
enabling the former to sell his wheat at a higher 
Oricc than before, while at the same time the latter obtains 
it at a less cost. 

Agriculture is tlius directly, and likewise indirectly, de 
pendent in a great degree upon good roads for its success 
and rewards. Directly, as we have just seen, these roads 
carry the productions of the fields to the markets, and 
bring to them in return their bulky and weighty materials 
of fertilization, at a cost of labor which grows less and less 
as the roads become better. Indirectly, the cities and 
towns, whose dense population and manufacturing indus- 
try make them the best markets for farming produce, 
enabled to grow and to extend themselves indefinitely 
by roads alone, which supply the place of rivers, to the 
banks of which these great towns would otherwise b' 
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ceasarily confined* While, lliereforo, it would be an m 
excusable waste of money lo conBlruct a coatly road lo 
connect two small towns wliich liad little intercourae, it 
would be equally wasteful, and is a much more frequent 
sbort-sightodness of economy, lo leave unimproved and 
almost in a stale of nature, the comniunicalions belween 
a grent city and Uie interior regions from which jla daily 
sustenance is drawn, and into which its own manufaclures 
are conveyed. 

Some of the advantages thus to be attained, have bcch 
well summed up in a report of a commillee of the Hoiiiie 
of Commons : 

" By the improvement of our roads, every branch of 
our agricotlural, commercial, and nianufacluring industry 
would be materially benefited. Every article bi ought to 
market would be diminished in price ; and the r umber of 
horses would be so much reduced that, by thesti and olhor 
retrenchments, the expense of five millions [pounds 
sterling] would be annually saved to the public. The 
expense of repairing roads, and the wear and lear of car- 
riages and horses, would be essentially diminished ; and 
thousands of acres, the produce of which is now wasted 
in feeding unnecessary horses, would be devoted to the 
production of food for man. In short, the public and 
private advantages which would result from effecting thai 
great object, the improvement of our highways and turn- 
pike roads, are incalculable ; though, from iheir being 
spread over a wide surface, and available in various ways, 
such advantages wili not be so apparent as those derived 
from other sources of improvement, of a morp restricleA 
and less general nature," 
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'Die changes in the condition of a couolry which such 

»mprovements effect, are of the liiglieal importance. Tliere 

■ as mucii truth as blundering in the famous couplet writ- 

I ten hj AH enthusiastic admirer of ihe roads which Marshal 

Wft'odc opened through the Scottish Highlands : 

" Oil, had you only Men these roads bsfare they wire made, 
u would liR up your iyea and bless Maithal Wade !" 

His military road is said to have done more for the civili- 
zation of the Highlands than the preceding cfibrts of all 
llie British monarchs. But the later roads under Uie mora 

■scientific direction of Telford, produced a change in the 
tsle of the people which is probably unparalleled in ihe 
■history of any country for the same space of time. Large 
crops of wheat now cover former wastes ; farmers, liouses 
and herds of cattle are now seen where was previously a 
desert ; estates have increased sevenfold in value and 
annual returns; and the country has been advanced at 
least one hundred years. In Ireland similar effects have 
been produced, and ihe face of the country in some dis- 
tricts has been completely renovated. The enlarged labors 
of the pubhc works, now undertaken in that country by 
the government, thougli commenced only for temporary 
relief, will not fail to produce great permanent benefits. 

The mora! results of such improvements are equally 
admirable. Telford testifies thai in the Highlands they 
greatly changed for the belter the habits of tlie great 
working class. Thus, too, when Obcrlin wished to im- 
..prove the spiritual condition of his rude flock, he began 

\ by bettering their physical state, and led out his wiiole 
people to open a road of communication between their 
secluded valley and the great world without. The won- 
derful moral and intellectual amelioration whif' 
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W£3 an unmistakeable tribute to the ciTilizing and elera 
ting influence of good roads. 

Among the moat remarkable consequences of tlie im- 
provement of roads, is the rapidly increasing proportion in 
which their benefits extend and radiate in every direction, 
aa impartially and benignantly as the similarly diverging 
rays of the sun. Around every town or market-place we 
may conceive a number of concentric circles to be drawn, 
enclosing areas from any part of which certain kinds of 
produce may be profitably taken to ihe town ; while from 
any point beyond each circumference, the expense of the 
carriage of the particular article would exceed its value. 
Thus tlie inner circle, at the centre of which is the town, 
may show the limit in every direction from beyond which 
perishable vegetables, or articles very bulky or heavy in 
proportion to their value, cannot be profitably brought to 
market ; the next larger circle may show the limit of 
fruits ; and so on. If now the roads are improved in any 
way, so as in any degree to lessen the expense of car- 
riage, the radius of each circle is correspondingly in- 
creased, and the area of each is enlarged as the square of 
this ratio of increase. Thus, if the improvement enables 
a horse to draw twice as much or to travel twice as fast 
as he did before, each of the limiting circles is expanded 
outward to twice its former radius, and embraces foui 
times its former area. If the rale of improvement be 
threefold, the increase of area is ninefold ; and so on 
All the produce, industry, and wealth, which by these im 
provements finds, for the first time, a market, is as it were 
a new creation.* 

The number of passengers is governed by similar laws i 
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d the increased facilities of a beiler road attract them 
from inferior ones, as ihe digging of a new and deep well 
often drains the water from all the shallow ones in itx 
neighborhood. The distance to the right and left of the 
new road, from which it will attract passengers, admits of 
^mathematical investigation, which will be found at the 

i of Chapter I. ; and the deductions of theory are amply 
B«orrob orated by the observaiionB of experience, and more 
than realized in the improvement of every old road and the 
opening of every new one ; for not only is the former 
travel attracted from great distances in every direction, 
but a very considerable amount is created. 

Supposing that by these improvements the average 
speed over a whole country be only doubled, the whole 
population of the country (to borrow a metaphor from an 
accomphshed writer) would have advanced in mass, and 
placed their chairs twice as near to the fireside of their 
metropohs. and twice as near to each other. If the speed 
were again doubled, the process would be repeated; and so 
on. As distances were thus gradually annihilated, the whole 
surface of the country would be, as it were, contracted and 
condensed, till it was only one immense city ; and yet, 
by one of the modern miracles of science wedded to art, 
every man's field would be found not only where it always 
was, but as large as ever it was, and even far larger, esti- 
mating its size by the increased profits of its productions. 
The more perfect the roads, the more rapidly would this 
result be attained, and therefore most quickly of all by 
raih^ads. 

But howevei great the advantages of railroads, as to 
mere speed, and however precious to the hurrying travel- 
ler their triumphs over lime and space, common roi^ds will 
aJways be incomparably more valuable to the -ty 
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;at large. The dJaiiijguisliing characterislic of a modem rail 
,road, as compared with a " tram road," and that to whici 
its pecuhar power is chiefly due, is ihn projecting flange* 
of the wheels of its carriages, by which they arc retained 
upon llie rails. Bill Uiis peculiarity, in an equal degree, 
lessens its advantages lo the agricultural population ; since 
Jthe vehicles which are adapted lo travel on railroads can- 
BOt be used on the common roads leading to them, nor in 
ibe ordinary labors of the farm ; wliile on all other im- 
proved roads the same wagons, horses, and men, employed 
at one season in cultivating the ground, can also be pro- 
fitably employed, in their otherwise idle moments, in con- 
veying the produce lo a market. For these reasons, even if a 
railroad came lo every man's door, he could more economi 
cally use a good common road ; but smce, on the Con- 
trary, the expense of ihe construction of railroads must al- 
ways restrict them lo important bnes of communication, 
Iwliere, indeed, their value can scarcely be esiimaled loo 
highly) in every other situation, the greatest good of the 
greatest number, and the most universal benefils with the 
feweist accompanying evils, will be most effectually se- 
cured, by improving (in accordance v^ivh the principles 
to be presently set forth) ihe people s highways — the 
common lOads of the country. 

In this analytical examination of the subject of Roah 
MAKING, it will be considered under the iouuwihg general 
heads : 

1. What Roads ought to be. 

2. Their Location. 

3. Their Comtruction. 

4. Improvement of their Surface, 



CHAPTER T. 

WHAT ROADS OUGHT TO BE. 

"The Bit of HDad-mnking tntot enenliany depend tor its SDCC«n on 
t being exercised ia confoimity with certain (^aeial piinelplts ; uid 
ii justaess abauid be reDdcced bo clear and self-evideat aa not to luJiiut 
if aay CDUtrovcmy." 

SiB Henkt Pauieli. 

"Rapiditv, safety, and economy of carriage are the ob- 
^cts of roads. Tiiey should therefore be so located and 
constructed as to enable burdens, of goods and of passen- 
gers, to be transported from one place to another, in the 
least possible time, with the least possible labor, and, con- 
sequently, with the least possible expense. 

To attain these important ends, a road should fulfil cer- 
tain conditions, which the nature of the country over which 
it passes, and other circumstances, may render impossible 
to unite and reconcile in one combination; but to the union 
of which we should endeavor to approximate as nearly as 
possible In forming an actual road upon l!ie model of this 
'deally perfect one. We will therefore investigate — 

WlIAT ROADS ODGHT TO BE, 

1. vis to their direction. 



3. As to their cross-sectton. 

4. As to their surface. 

5. As to their cost. 



1. WHAT KOAD3 OOGHT TO BE, AS TO THEIH DraEOTIOW. 

Every road, oilier things being equal, should be ■per- 
fectly straight, so that it8 length, and, therefore, the lime 
and labor expended in travelling upon it, siiould be the least 
possible ; i. e., its alignemens, or directions, departing 
ffOm one extremity of it, should conslanlly tend towards 
the oiiier 

Any unnecessary excess of length causes a constant 
threefold waste ; firstly, of the interest of the capital ex- 
pended in making that unnecessary portion ; secondly, of 
the eTer-recurring expense of repairing it ; and, liiirdly, of 
ihe lime and labor employed in travelling over it. It will 
therefore be good economy to expend, in making topo- 
graphical examinations for the purpose of shortening the 
road, any amount less than not only that sum which the 
distance thus saved would have cost, but, in addition, that 
principal which corresponds to the annuyl cost of the re- 
pairs and of the labor of draught which would have been 
wasted upon this unnecessary length. 

ADVANTAGES OF CI7RV1NO. 

The importance of making the road as level as possible 
will be explained in the next section, and as a road can in 
few cases be at the sime lime straight and level, these two 
requirements will often conflict. In such cases, straighlness 
should always he sacrificed to obtain a level, or to make 
the road less steep. This is one of the most important 
principles lobe observed in laying out or improving a road, 
and it is the one most often violated. 

A straight road over an uneven and hilly country may, 
t Brsl view, when merely seen upon the -map be prti 



ADVANTAGES OF CURVINO. 87 

oounced to be a bad road ; fur llie slraiglitncss must have 
been obtained cither by submitting to steep slopes in as- 
cending ihe hills and descending into the valleys, oi these 
natural obstacles must have been overcome by incurring 
a great and unnecessary expense tn making deep cuttings 
and ill lings. 

A good road should wind around these hills instead of 
running over them, and this it may often do without at all 
increasing its length. For if a hemisphere (such as half 
a bullet) be placed so as to rest upon its plane base, tlie 
halves of great circles which join two opposite points of 
this base are all equal, whether they pass horizontally or 
vertically. Or let an egg be laid upon a table, and it will 
be seen that if a level line be traced upon it from one end 
to the other, it will be no longer llian the hne traced be- 
tween the same points, but passing over the top. Pre- 
cisely so may the curving road around a hili be often no 
longer tiian Uie straight one over it ; for t!ie latter road is 
straight only with reference to the vertical plane which 
passes through it, and is curved with reference to a hori- 
zontal plane ; while the former level road, though curved 
as to the vertical plane, is straight as to a horizontal one. 
Both lines thus curve, and we call the latter one straight 
in preference, only because its vertical curvature is less 
apparent to our eyes. 

The difference in length between a straight road and 
one which is slightly curved is very small. If a road be- 
tween two places ten miles apart were made to curve so 
that the eye could nowhere see farther than a quarter a " 
a mile of it at once, its length would exceed that of a 
perfectly straight road between tlie same points by only 
about one hundred and fifty yBcds.* 
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But even if the level and curved road were very mucli 
longer than the straight and sleep one, it woL.!d almost 
always he better to adopt t!ie former ; for on it a hOrae could 
safely and rapidly draw his full load, while on the other he 
could carry only part of his load up the hill, and must di 
niinish his speed in descending it. As a general rule, the 
horizontal length of a road may he advantageously in- 
creased, to avoid an ascent, by at least twenty times the 
perpendicular height which is to be thus saved ; that is, to 
escape a hill a hundred feet high, it would he proper for 
the road to make such a circuit as would increase its 
length two thousand feet." The mathematical axiom Ihat 
Iraight line is the shortest distance between two 
points," is thus seen to be an unsafe guide in road- 
making, and less appropriate than the paradoxical proverb 
that " the longest way around is the shortest way honne.' 
The gently curving road, besides its substantial advan 
tages, is also much more pleasant to the traveller upon it ; 
I for he is not fatigued by the tedious prospect of a long 

^^^^^ Straight stretch of road to be traversed, and is met at each 

^^^^^curvG by a constantly varied view. 

^^^^K It cannot oe too strongly impressed upon a road-maker, 

^^^^P'ihat straightness is not the highest characteristic of a good 

^^^^^toad. As says Coleridge — 

^^^^H " Straight forward goes 

^^^^H_ The lightning's flash, and ttraight tho fearful path 

^^^V or the coiiDou-balL" 

^^^^p Jtut in striking contrast he adds — 

^^^^^ " TliB ROAi) IhB human being Iravela, 

r That an which blessing comas and goes, doth follow 

I The river'a coutte, (he valley's playful tuindinga, 

t Curvt) round llie cornfield and [he iiil) of vinBs."t 
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' The paSBion for straighiness 
Kation of most roads in this 
oind us how 

The king of France, with fotiy [hotisand m 
Marcbed up a hill, and Ihen — marched doan again f 

generally do they clamber over hilis which lliey 
much more easily have gone around ; as if their 
kers, like Marshal Wade, had " formed the heroic detei 
minalion of pursuing straight hncs, and of defying nature 
and wli eel-cam* ages both, al one valiant effort of courage 
and of science." 

One reason of this is, thai the houses of ihe first set- 
tlers were usually placed on hill-tops, (to escape the poi- 
sonous miasmata of the undrained swamps, and to delect 
the approach of the hostile savages) and thai ihe first 
roads necessarily r^n from house to house. Our error 
consists in continuing to follow these primitive roads witii 
our great thoroughfares. These original paths were also 

.versed only by men, and therefore very properly fol- 
mcd the shortest tliough steepest route. Tracks foi 
'pack-horses came nest, and a considerable degree of 
Bteepness is admissible in them also. Wheeled carriages 
were finally introduced and brought into use upon the 
same tracks, though too steep for true economy of labor 
with them — the standard of slope being very different for 
fool, horse, and carriage roads. Before sufficient attention 
was paid to the subject, the lands on either side of the 
road had been fenced off and appropriated by individuals, 
and thus ihe random tracks became the legal highways. 

The evil is now perpetuated by the uriwillingQess of 
farmers to allow a road to ran through their farms in a 
winding line. They attach more im^otXaticaXa'fei winbis^ 
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neas of their fields than to the improvement of ilie lines 
of tlieir roads — not being aware how muoh more labor ia 
wasted by them in travelling over ihese sleep roads, than 
there would be in cultivating an awkward corner of a 
field. 

Thia feeiing ia aeen carried to excess in some of the 
new slates of the West, in which the roada now run along 
" section-lines," and as these sections are all squares, with 
aides directed towards the cardinal points of the compass, 
a person wishing to cross ihe country in any other direc- 
tion than North, South, East or West, must do so in rec- 
tangular zigzags. 

PLEASURE TIR1V£3. 

lu roius designed solely for pleasure drives, such as 
those laid outby landscape gardeners in parks, cemeteries, 
&c., curvature is the rule, and straightness only the ex- 
ception. In them the object is to wind as much as possible, 
m Hogarth's " line of grace," so as to obtain the grealcat 
development of length which t!ie area of the ground will 
permit, but at the same lime never to appear to turn for 
tlie mere sake of curving. Some reason for the windings 
must always be suggested, such as a clump of trees, a rise 
of ground, a good point of view, or any object whicli may 
conceal the artifice employed. The visiter must be de- 
ceived into the belief that he is travelling over a large area, 
while he is truly only retracing his steps and conslanlly 
doubling upon his track ; but lie must do it unconsciously, 
or at least without knowing the precise manner in which 
the pleasant deception ia effected. Ars est celare artem. 

The map on the opposite page, representing the roada 
»nd paths in Greenwood Cemetery, will somewhat Olu* 
trate this principle 
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2. WSAT BOADB ODGHT 'i O BS AS TO THEIS SLOFm 



) OF POWER ON 

Every road should be perfectly level. If it be nol, a 
largo portion of ihc strength of ihe horses which travel if 
will be expended in raising the load up the ascent. When 
a weight is drawn up an inclined plane, the resistance of 
the force of gravity, or the weight to be overcome, is such 
a part of tlie whole weight, as the height of the plane ia of 
ita length If, then, a road rises one foot in every twenty 
of ita length, a horse drawing up it a load of one ton ia 
compelled to actually hfl up'oiie-twentielh "of the whole 
weight, I, e., one hundred pounds, through the whole 
height of the ascent, besides overcoming the friction of 
liie entire load. 



Lei DE t. 
presBlJl thu ii 
clined suifuce 
of a toRd upon ^ 
which rests : 
wagon, thee en 
tie of grarily of 
which is sup- 
pose J to be a.t 

C. Draw CA perpendicular to the horizon, and CB perpen- 
dicular to the surface of the hill. Lei CA represent the force 
of gravitj, or the weight of the wagon and its load. It is 
equiTalent, in magnitude and direction, to its Lwo rectangular 
component forces, CB and BA. CB wi.l then represent the 
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with which the wagon preeses on the surface of the road, 
' AB Iha reaieling force of gravity i, e., the force (inda* 
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fiendeut of frictiun) which rsaisls iliu ascent of tlie wagon, oi 
which lends lo drag it down hi)!. 

To find the amount of this furce, from the Lwo similar tri- 
angles, ABC and DEF, we gel tlie proportion 
CA:AB::DE:EF. 

Represenling the length of the plane by I, ila height by ft, 
and the weight of lbs wagon and load bj W, this pioporlion 



W : AB : : i ; A, 



whence AB=W 71 that ii 



the 



of gravity due li 



the inclination, is equal lo the whole weight, muitiplied by the 
height of tbe plane and divided by its length. If the inclina- 
tion be one in twenty, then this resistance is equal lo ^ W. 

tin this invesligaiion, we have neglected three triding sources 
of error : arising from part of llie weight being thrown from 
the front axles lo the liind ones, in consequence of the inclina- 
linn of the traces; from the diminution of the pressure of 
the weight, owing to its standing on an inclined surfaoo ; and 
from the hind wheels bearing more than half of the pressure, 
in consequence of ibe line of gravity falling nearer ihcm. 
he results of esperitnenls fully confirm llie deductions 
of llicory as to ihe great increase of dratight upon incli- 
nations. The following table exhibits l!ie force required 
(.iccording lo Sir Henry Parneli) to draw a stage coach 
over parts of the same road, having different degrees of 
inclination : 





Inclination. 
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Pulling inlo a differenl fonn Ihe resulls of ihese and olhct 
eipeiimenla, we eslaliliah ihe following dala .* 

e can draw on a level, 1.00 
draw only .90* 

" .75t 

.7at 

.54t 
.50t 
.40t 

.35" 

In round numbers, upon a slope of 1 in 44, or 120 feci 
to the mile, a liopse can draw only three-quarters as much 
as he can upon a level ; on a slope of 1 in 24, or 230 feet to 
the mile, he can draw only half as much ; and on a slope 
of I in 10, or 528 feel to the mile, only one quarter as 
much. 

This ratio will, however, vary greatly with the nature • 
and condition of the road ; for, although the actual re- 
sistance of gravity is always absolutely the same upon Ihe 
same inclination, whether the road be rough or smooth, 
yet it is relatively less upon a rough road, and does not 
ibrro BO large a proportional share of the whole rosist- 
i^ancc. 

Tbna, if ihe friction upon a road wcrs snch as to require. 
upon a lerel, a force of draught equal to ^ of the load, the total 
force required upon an aacent of 1 in SO, would be {V'l'iV^rv- 
Here, then, the retialance of graTiiy ia two-thirda of ihs 

If Ihe road be leas perfect in Its surface, so Ihat its fricliun 



• Coj/ier. ExperiraenlB on a Frencli road, 
FarntU. Expprimenls ou H> English road nl avurage of lh<: Ihree 
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would not sensibly impair the value of a common knife, 
would render a fine razor completely useless. 

The loss of power on inclinations is indeed even greater 
ihan these considerations show ; for, besides the increase 
of draught caused by gravity, the power of the liorse to 
overcome it is much diminished upon an ascent, and in 
even a greater ratio than that of man, owing lo its ana- 
tomical formation and its great weight. Though a horse, 
on a level, is as strong as five men, yet on a steep hill it 
is less strong than three ; for three men, carrying each 
100 jbs., will ascend, faster than a horse with 300 lbs." 

Inclinations being always thus injurious, are particularly 
so, where a single sleep slope occurs on a long line of 
road which is comparatively level. It is, in that case, 
especially important to avoid or to lessen this slope, since 
the load carried, over the whole road, even the level por- 
tions of it, must be reduced to what can be carried up the 
ascent. Thus, if a long slope of 1 in 24 occurs on a level 
road, as a horse can draw up it only one h<ilf of his full 
load, he can carryover the level parts of the road only 
half as much as he could and should draw thereon 

This evil ia sometimes parlially remedied by putting on 
a full load unil bidding extra horses at the foot uf the steep. 



= ^1 the total Turcc upon llie ascent will be ^V + sV; ^nd - ■ 

lere, then, the resistance of gravity ia one-lialf of the whole. ^ 

If the friciinn increase to |V, the (old resistance ia D 

IT+A^^ '• ^"^ here, gravily is only one-third of the wholp I 

We thus see that on a rough road, with great friction, 
any inclination forms 'S much smaller part of the resist- 
ance than does the same inclination on a smooth road, on 
which it is mucli more severely felt, and proportionally . 

more injurious ; ns the gaps and imperfections which i 
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slope. Oxen arc Uius employed to nssisrcarriuges up tlis 
high billy, on the summits of wliicli, fur safely in lime of 
war, the Etruscans bui!t iheir ciLJes of Perugia, Cortona, 
&c. But this is an inconvenient, as well as expensive 
aystetn, and llie truest economy is, lo cut down, or to go 
around such acclivities, whenever this is poseible." 

The bad effects of this steepness are especially felt in 
winter, when ice covers the road, for the slippery surface 
causes danger in descending, as well as increased labor in 
ascending. The water of rains, also, runs down llie road 
and gullies it out, destroying its surface, and causing a 
constant expense for repairs, ofientiraea great enough to 
pay for a permanent improvement. 

The loss of power on inclinations being so great as has 
been shown, it follows that it is very important never to 
allow a roud to ascend or descend a single foot more than 
is absolutely unavoidable. If a Itill is to be ascended, tlio 
road up it should nowhere. have even the smallest fall ui 
descent, for that would make two hills instead of one ; but 
it should be so located and have such cuttings and fillings, 
as will secure a gradual and uninterrupted ascent the 
whole way. 

In tbJB point engineering skill can make woDilerAil improve- 
menta. Tims, an old ro&d In Angleeea, Ixid out in vioktion of 
ihis rule, rose and fell belweea its exlremilies, 34 miles apart, 
a. Inlal perpendicuUr amount of 3,54fl feet ; while a, new tuail 
laid ool by Telford between the same points, rose and full only 
S.a5T feet ; bo that 1,383 feet of perpendicuhr heigbt ia now 
done away with, wliich every horse pasaing over the j-osd liad 
previously been obliged to aaeend and descend with its load. 
The now road is, besides, more thin livo miles sliorter. Such is 



• In Clmptor IV., undt 
F^MCiibed n valaabin pallii: 
IV CHniiftt be avoided 




UNDULiTlNG BOADS. 

ODe of tho results ofLlie labors ofa skilful loaJ-inaker, ai 

such improvements might be Djadc in our American ruaiiitj 

For a recent ramarkoble instance, see page 233. 
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There is a popular tlieory ihat a gently undulating 
less fatiguing to horses than one which ia perfectly level. 
13 said that the alteniatlons of ascent, descent, and levels 
Ji into play different muscles, allowing some to rest while 
the others are exerted, and thus relieving each in turn. 

Plausible as this speculation appears at first glance, it 
will be found on examination to be untrue, both me- 
ihanicaliy and physiologically ; for, considering it in the 
fonner point of view, it is apparent that new ascents are 
cd which oITer resistances not compensated by the 
lescents ; and in the latter, we find that it is contradicted 
ly ihe structure of the horse. TJie question was Hubmiltcd 
(y Mr. Steveuaon" to Dr. John Barclay of Edinburgli 
no less eminent for his knowledge, than auccessfid as 
teacher of the science of comparative anatomy," ana 
le made the following reply; — " My acquaintance with 
ihe muscles by no means enables me to explain how u 
lorae should be more fatigued by travelling an a road iini- 
irmly level, than by travelling over a like space upon one 
itiial crosses heights and hollows j but it is demonstrably 
a false idea, that muscles can alternately rest and come 
into motion in cases of this kind Much is to be as- 
cribed to prejudice originating with the man, continually 
m quest of variety, rather than with the horse, who, con- 
Bu)ling only his own ease, seems quite unconscious of 
Ilogarlh's Line of Beauly." 
Since this doctrine is thus seen to be a mere popult 
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error, it should be uiteriy rejected, not on!y because falad 
in itself, but still more because it encourages the malting 
ol' undulating roads, and thus increases the labor and cont 
of carriage upon them. 

OHEATEST AtLOWABLE SLOPE. 

A perfectly level road is thus seen to be a most desira 
ble object ; but as it can seldom be completely attained, 
we must next investigate the limits to which the slopes of 
a road should be reduced if possible, and determine what 
is the steepest allowable or maximum slope. 

This depends on two different considerations, according 
as the slope is viewed as a descent or as an ascent, each 
of wliich it alternately becomes, according to the direction 
of the travel. 

Viewed as a descent, it chiefly concerns the safety ot 
rapid travelling, and applies especially to great public 
roads. 

Viewed as an ascent, it chiefly concerns the draught of 
heavy loads, and relates particularly to routes for agricul- 
tural and other heavy irdnsportation. 

HASCHUU SLOPE, OONSIDEBBD AB A DESCENT. 

The slope should be so gentle, that when a heavy ve- 
hicle is descending, its gravity shall not overcome its 
friction so far as lo permit it to press upon the horses. 
This limiting slope corresponds to the "angle of repose" 
of mechanical science ; i. e., the angle made with the 
horizon by the steepest plane down which a body will not 
slide of its own accord, its gravity just balancing its fric- 
tion, 80 that the least increase of slope would overpower 
the reei»taiicc of the friction, and make the body descend. 
TJi-r ' sn^le of repose" should llieietoie \>e \.W \v«»X ol 




the slope of a rof.d, for on such an inclinalion a Teliicle-I 
once set in motion would descend with uniform, unaccel- 
eraled velocity. This angle varies with the smoothness and 
hardness of the road, and also with the degree of friction 
of the axles of the carriage. On the very best class of 
broken-stone roads, kept in good order, and with a good 
carriage, it is considered bj Sir Henry ParnelJ, from his 
experiments, to be 1 in 35, (or 151 feet to the mile) 
which should therefore be the maximum slope upon the 
best roads.* On such a slope a coach may be driven 
down, with perfect safety and conapleie control, at l\i».M 
speed of twelve miles per hour. 

If the inclination be steeper than this, the danger of titvifl 
descent is greatly increased, and the speed must be lee 
ened. If it ^e so steep that a carriage cannot be safely 
driven down at a greater speed than four miles per hour, 
on every mile of sucii a slope there will be a loss of ten 
minutes of lime, equivalent to two miles upon a level. 
To avoid such an inclination, a road-maker would 
therefore be justified, by considerations of time-saving^. J 
in adopting a level route tliree timea as long as tin 
steep one. 

When inclinations arc reduced to this limit of 1 in 35, 
there is little loss of power, compared with a perfect level, 
in either direction of the travel j for the increased labor of 
ascending is compensated in a great degree by the in- 
creased ease of descending, while on a steeper slope lliis 
advantage is nulhfied by iht tecessiiy of the horses ho.dmg 
back the carriage to resist the excess of the force of gravity. 



• On Buch roada Dr. Lardner considers the angle of repoeo to bi 
small aa I in 40 ; while on roads not well freed fconi miid antl JuM, 
fnclkia incieaseB the angle la 1 in 30 ; and on an iufeiloc elan of ma 
u 1 in 20, or mea denier 
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Suppose ihat a road is to be carried over a hill, whiij 
liscs 100 feet in a horizontal distance of 500 feet, (i. i 
1 in 5) and which cannot be avoided by any horizonta 
circuit within the limits of distance indicated on page 28, 
The quesiion which presents itself is, how sleep can the 
slope of a road up ihe side of this hill be most advanta- 
geously laid out, since, by adopting a zigzag line, the road 
may be made as long and therefore as gentle in the ascent 
as may be desired 1 The shortest line would run straight 
up the face of the hiil, and this line would give the least 
amount of labor ; but then ihis labor for horses would be 
impossible : and even if possible, ihe horses could not 
draw up the whole load which they had been drawing on 
the other parts of the road, nor could they descend il with 
safety. But, on the other hand, the road should approach 
this shortest line as nearly as other considerations will 
permit, since, if it should zigzag excessively for the pur- 
pose of lessening the steepness, it would be so long as to 
increase unnecessarily its cost and the lime and labor of 
travel upon il. A medium and compromise between these 
two evils must therefore be found. What shall it be ? 

Supposing the load of a horse on the level portions of 
the road to be as much as he can regularly and constantly 
draw, his power of drawing it up an ascent will depend 
upon how much extra exertion he is capable of putting 
forth. This is not very accurately ascertained or defined, 
and depends very much on the length of t!ie ascent, but 
may be assumed at double his usual exertion.* Now a 
horse drawing a Vad on a level road of ihe best character, 



GREATEST ALLOWABLE SLOPE. 

such as baa been previously considered, is obliged by ihe 
icsistance of (he friction to exercise against liis collar a 
pressure of about one thirly-fifLh of the load. If he can 
just double this exertion, he can lift one thirty-fifth more, 
and the slope which would force him to lift that proportion 
wouhi be (as was shown on page 32) one of 1 in 35. On 
slope he would therefore be compelled to double his 
rdinary exertion, and on this supposition it would be ihe 
taximum slope allowable, considered as an ascent. 
' These two methods of determining the maximum slope 
my considering it as an ascent and as a descent) are en- 
rely independent of each other* If they give different 
units, the smallest one, or the least slope obtained, must 
I adopted ; for, if it be disadvantageous to employ a 
lope Sleeper than 1 in 35, it must a fortiori be still more 
Id, to employ one steeper than X in 30, or 1 in 20 ; though 
[ten greater slopes are too often met with. 
r Upon most of our American roads the resislaficc of 
pction would be found to be nearer j'l than j'j, and 1 in 
) would therefore be their maximum slope with their 
resent condition of surface. But as it is to be hoped 
lal in this respect they will, before long, be greatly im- 
tovcd, in which case they would demand more and more 
Sitle slopes, we should anticipate this desirable consum- 
bation, by giving in advance to all new lines of road at 
Ut, if not to the faulty old ones, slopes not exceeding I 
S 30, which seems to be a just medium. 



■ Tbey give idoalicBl resulta io this case, only bscause the extra ixer- 
a happGued lo be taken aa doubled. SiipjiosD it to be tripled. The 
lift j^ more, which oorreepouds lo it aJofteofl in IVj. Horaeii 
1 indeed for a abort time exercise ■ temkiii of >ix times tba anial 
lounl, but (he shore BBBumplioii of double la more tepeudubte, though it 
jnnl ho filed with (hn precisioa wli^ch ia deaitaU«. 
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The maximum established by L'adminislralion det Ponlset 
Chaussess, the Prench goveinmcnt board of engineers of loadi 
and bridges, is I ia SO. This, however, was fixed &t a (iroo 
when the asu&l surface of raada was much inferior to its pres- 
ent conditio D. 

The great Holyhead road, made by Telford through the 
very mountainous district of North Wales, has 1 in 30 for ila 
mttximum, except in two cases, (one of I in 2S, and a very 
short one of I in IT) and in iliem the surface of the rond 
was made peculiarly smooth and hard, so that no diJiculty is 
fell by loaded vehicles in ascending. On the old line of road, 
the inclinatiopa had been sometimes as great as 1 in 6, 1 in T, &e. 
On the great Alpine road over the Slmplon pass, (which 
rises to a height of a mile and a quarter above the level of 
the sea] the slopes average I in 33 on the Italian side, and 1 
in 17 on the Swiss side, nnd in one case only become as steep 
as I in 13. 

In the state of New York several turnpike companies are 
limited by law to a maximum slope of " eighteen inches to a 
rod," i. e. 1 in 11. But this limit ought not to be even ap- 
proached in practice. 
On our " National" or " Cumberland" road ihe slopes 
in many places arc much too great, and iw superinten- 
dent, Capt. Wever, writes" that " if the road had been 
very considerably elongated in order to effect a graduation 
at angles not exceeding three degrees, or 1 in 19, (and for 
vhe maximum, two degrees, or 1 in 29, would be better) 
ihe road could be travelled in as short a space of lime aa 
t now is, and the power used could move double tlie bur- 
Jen it now can ; thus rendering the road, for commercial 
purposes, doubly advantageous." 

If the ascent be one of great length, it will be advan- 
tageous to make steepest the lowest portion of it, upon 
which the liorses come with (heir full Btreng;th, and to 



k 



■ Report Id UaUod Slaliw Chief EoBpi 



^K.-^. 




LEAST ALLOWABLE I 



t the a»^^^H 
ing streiigtK^^^^I 

D be a most 



make the slopes genllcr towards the summit 
cent, to correspond to the continually decreasing 
of the fatigued horses. 



A true level has been thns far considered to be a most 
desirable attribute, and one to be earnestly sought for, in 
establishing a perfect road. This principle must be qual- 
ified, however, by the announcement that there is a mini- 
mum, or least allowable slope, which the road must not 
fail sliort of, as well as a maximum one, which it must not 
esceed. If the road were perfectly level in its longitu- 
dinal direction, its surface could not be kept free from 
waler without giving it bo great a rise in its middle as 
would eipose vehicles to the danger of overturning. Bui 
when a road has a proper slope in the direction of its 
length, not only do the side-ditchea readily discharge the 
water which falls into them, but every wheel-track that is 
made, becomes also a channel to carry off the water. 

The minimum slope (flatter than which the road should 
not be) is assumed by an experienced English engineer 
to be one in eighty, or 66 feet to the mile. The minimum 
established in France by the Corps des Fonts et Chaus- 
sees is .008, or one in a hundred and twenty-five, or 42 
feet to the mile. An angle of one-half a degree is often 
named in this connection ; it equals one in a hujidred and 
fifteen. In a perfectly level country the road should be 
artificially fGrmed into gentle undulations approximaling 
10 the minimum limit. 

Finally, then, toe arrive at this conclusion, that the lon- 
gitudinal slopes of a road should be kept, if possible, be- 
tween 1 in 30 and 1 in 125, never steeper than the/ormer, 
nor nearer to a level than the latter. 
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TABLES OF INCLINATIONS. 

There being three different methods of specifying de- 
grees of inclination, (viz. by the angle made with the 
horizon, by the proportion between the ascent and the 
horizontal distance, and by the ascent per mile) it is fre- 
quently desirable to compare the different expressions. 
The following tables show the values which correspond to 
each other. 



Angles. 



i 



o 

lio 

2 ° 

3 ° 

4 o 
6 ^ 



Inc 



inations. 



in 115 

in 76 

in 57 

in 38 

in 29 

in 23 

in 19 

in 14 

in 11 



Feet per mile. 



46 
69 
92 
138 
184 
231 
277 
369 
462 



Inclinations. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



in 10 
in 13 
in 15 
in 20 
in 25 
in 30 
in 35 
40 
45 
in 50 
100 
125 



in 
in 



in 



m 



Angles. 



Feet per mile. 



5° 43' 


528 


4° 24' 


406 


3° 49' 


352 


2° 52' 


264 


2^ 18' 


211 


1° 55' 


176 


1° 38' 


151 


1° 26' 


132 


1° 16 


117 


1° 9' 


106 


0° 35' 


53 


0® 28 
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'ft WKAT ROADS OUGHT TO Bi: AS TO THEIB OBOSS-SEOTII 

The cross-section of a road is tlie view whicii it would 
present if cut ihrough at right angles to its length, one o 
^^^Jhe portions being removed. It comprises the followin 
^^^■nbjects of investigation : 
^^B 1 . The width of tke rocd. 
^^^F 2. The shape of the road-bed. 
^^m 3. Foot-patlis, ^c. 

^^m i. Ditches. 

^^^1 5. The side-slopes of the cuttings and filings. 
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The proper width for a road depends, of course, upon 
iportance, and the amount of travel upon it. Its 
\imitm is about one rod, or 16i feet, sufficient to enable 
'o vehicles to pass each other with ease. For ordinary 
roads a good width is from 20 to 25 feet. A width 
of 30 feel is fully sufficient for any road, except one which 
forms the approach to a very populous city. 

Any unnecessary width (such as is often adopted in a 
spirit of public ostentation) is injurious, not only from its 
waste of land, but from its increase of the labor and cost of 
keeping the road in repair ; each rod in width adding two 
acres per mile to the area covered by the road. 

In the slate of New York, by the revised statutes, "All 
public roads, to be laid out by the commissioners of high- 
pays of any town, shall not be less than three rods wide." 
Thii is to be the width between fcnc&s \ ami ■an -saK.^*! 
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of it need be worked, or formed inlo a suiface for travel 
ling upon, than is deemed necessary. 

The same laws declare, " It shall be the duty of iha 
commiasioners of highways to order the overseers of high- 
ways to open all roads lo tiie width of two rods at least, 
which they shall judge to have been used as public high 
ways for twenty years." 

It ia also ordered that " all privaie roads shall not be 
more than three rods wide." 

Turnpike -roads are obliged by the statute to be "laid 
out not less than /our rods wide," and " twenty-two feet 
of such width to be bedded with stone," &c. When a 
precipitous locahiy renders the full width impracticable, 
" twenty-two feet" is the minimum width permitted. 

Where a road ascends a steep hill-side by zigzags, 
It should be wider on the curves connecting the straight 
portions. The width of the roadway may be increased 
about one-fourth, when the angle between the straight 
portions of the zigzags is from 120° lo 90° ; and the in- 
crease should be nearly one-half, wjien the angle ia from 
90° to 60°.* 

The Roman tnilitary roads had Ibeir widih establislied, b; 
the laws of [he Twelve Tables, at twelve feet when attaighi, 
and sixteen when crooked ; barely sufficient far the army, bag'- 
gage, and military machines. 

The French engineers make four different classes of roada.f 
The first class comprises such as pass from the capital of 
one country to that of another. Their width is G6 feet, of 
which 33 in the middle are stoned or paved. 

Those of the second class pass from the metropolis of a 
country to its other great cities. Their width is 52 feel, of 
which SO in the middle are stoned. 

Those of the third class connect large towns with each (>lhei 



THEIR WIDTH. 






uid with Grst-claEs laai 
Teet in ihe middle stoned. 

The fourlh class contains common town roads. Thei 
is S6 feel, with the same middle causeway as the JaBi. 

In England, the prescrihed width for turn pike- mads 
approach to populous towns is 60 feet. The limiti of by-iuuds 
are. for oairiage-roads, 20 feet ; foi boree'roads, 6 fest ; 
for foot-paths, 6J feel." 

Teiford'M Iloljliead rood, a model load for a hilly counttyi 
has the following width in the clear within (he fences : 33 feel 
on Hal ground ; 38 feet when there aie side-cuttings less than 
three feet deep ; and 23 feet along steep ground and precipices. 
The Vniltd States Hatiomd or Cumberland road has 8 
feel in width cleared, but the road itself is only 30 feel. 

The braken-Htonc road between Albany and Troy is 33 fet 
wide, besides (wo sidewalks of 8 feet each. 

The " Third Avenue" of the city of New York is 80 fee 
wide between ibe sidewalks, each of which occupies 20 feet i I 
20 feet of its middle are stouod. 

Broadway, New York, is 80 feet wide between the hoases, 
of which 18 feet on each side are occupied by the foot-pave- 
ments, leaving 42 feel for the carriage-way. 
"When broken-stone roads are adopted, it is usual, for 
ilie sake of a saving in the first cosi, to make only a cer- 
tain width or "causeway," in the middle of the road, of 
ihe harder material, and to form the sides, or " wings," of 
ihe natural earlh, (or of broken alone, if the causeway be 
a pavemenl) which will be preferable in summer and for 
light vehicles and horsemen.t Sixteen feel for the mid- 
dle and twelve for the sides is a common proportion. 

If the atoned part bo made narrower than just wide enough 
for two carriages lo pass upon it, it should be made only wide 

* BciidB snd Bailroadi, p. 73. 

t A serious objection Ut this pliin is, thai the wheels which onw* Iha 
road, and are olteroBtely on the stone and on the eurth, will doposile ptirth 
upon th(i Btone aurface, to the great deterioration at iu advnn 
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ilea renuiFfi. ' 



enoQgli foi one ; for any inlermediale width will be a 
all the surplus beyond what one requires. 

If the TDud is to lie made wider Ihan Ino vehicles require, 
(which slriclly Is only 13 feel) it should be enlarged at ooce to 
S3 feet ; foi any intermediate width will cause unequal and ex- 
cessive wear, and therefore be false economy : an unozpected 
cnncluBJon. which results from an investigation of Gayffier, 
pages 184-8. 

It would be preferable to place the harder material on 
the sides of the road, instead of on llic centre ; for the 
drivers of heavi!y-!aden vehicles will generally keep Uiem 
on the aides of the road, so tliat they can walk on the foot- 
paths ; and if this part be not of ihe hardest material, it 
will soon be cut up and rutted by the heavy wagons fol 
lowing each other in llie same track.* 



In forming ihe road-bed, or travelled part of the road, 
the first and most important point, in a flat country, is to 
raise it above ihc level of the land through which it passes, 
so that it may be always perfectly free from water ; a 
precaution which Js one of the most essential requisites 
for keeping a road in good condition. Roads are often 
placed in a hollow-way, (or even a trench is dug, when 
better materials are to be added) and their surface is 
allowed to remain so low, that they form excellent gutters 
to drain the adjacent fields, at the expense of the comfort, 
labor, and time of alt who travel them. Even the heal 
ditches cannot alw^ays secure them from the land-springs, 
(which will sometimes pass under the ditches by fissure* 
which form inverted siphons) and the only effectual means 
will be the raising of the surface by an embankment of 

• Funitll, p. 199 



r lliree iecl. Tlic excavaiions for ihe ditches should 

rariably be thus applied. 

The necessary devalton having been established, the 
shape of llie road-bed, at right-angles to its length, or its 
" transverse profile," must be decided upon. 

The road must not be flat, but must " crown," or be 
higher in its middle than at its sides, so as to permit the 
water of rains to rapidly run off into the side ditches. If 
originally flat, it is soon worn concave, and its middle 
becomes a pool, if it be on level ground ; or a water- 
course, if it be on an inclination. In the former case, the 
road becomes mud ; in the latter, the smaller materials 
are washed away, and the larger stones left bare. Both 
these evils are of continual occurrence on our country 
roads, but may be easily prevented, by shaping the road 
according to the instrucuoos to be presently given. 

The usual, though improper, shape given to a road ia 
order to make it crown, has been a convex cun-e, ap- 
proaching a segmeiit of a circle, or a flat semi-ellipsB. 



Though recommended by high authontiea, it is very 
faulty, iQ conoequence of its slope not being uniform, 
{the proportion between arcs and versed sines constantly 
changing) and giving too little inclination near the middle, 
and too much at the sides From this peculiarity the 
following evils result — 

1 The water stands on the middle of the road, 
^^rrashea away its sides. 

^^^kr&. It is worn down very unequally : for all carriages, to 
^^^feid the danger of overturning on iha %l«&^%\<i<i^%,'«'l&. 

1 
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take the midiile of l!ie road, which is llie only part of it 
where they can stand at all upright ; while the road ought, 
on the contrary, to be so formed as to itiiiuce vehicli 
traverse it equally and indifferently in every port. 

3. This excessive travel on the middle soon wears it 
into ruts and holes, so that more water will actually stand 
upon such an originally convex road thai, on one reasou- 
ably flat. 

4. When carriages are forced to travel on the sides, 
tliey cause great additional wear to the road, from their 
constant teudency to sHdc dovrn the sides, owing to th« 
obhque angle at which the direction of gravity meets the 
surface. 

6. As this sliding tendency is at right-angles to the line 
of draught, the labor of the horses and the wear of the 
wheels are both greatly increased. 

6. Whenever vehicles are obliged lo cross the road, 
and mount the central ridge, they must overcome the 
same resistance of gravity, as when they are drawn up a 
longitudinal hill. 

The best transverse profile for a road on level ground, 

is that formed by two inclined planes, meeting in the 

Fig. 5. 



centre of the road, and having their angle slightly rounded 
by a connecting curve. The inclinations thus formed will 
bo uniform, and the road will thus escape most of the 
evils incident to the curved profile. 

The degree of inclination of these planes will depend 

a the surface of the road ; being greatest where the roaj 

is rough, and lessening with its improvement in smootl* 





TilEin siiapb. 

ness. It may also be somewhat less on a narrow r 
as the water will have a less distance to pass over. 
maximum is limited by the inconvenience which an ex 
cessivQ transverse slope would cause to carriages. A 
proper medium for a road wiih a broken-stone surface, is 
I in 24, or half an inch to afoot. Telford, in bis Holy 
head road, adopted 1 in 30, or S inches crown in a road 
of 30 feet ; and McAdam 1 in 36, and even 1 in 60, or 3 
inches in a 30 feet road. On a rough road the inclination 
may be increased to 1 in 20; and diminished on a road 
paved with square blocks to 1 in 40, or 1 in 50. 

Up to these limits the transverse slope should increasa 
with the longitudinal slope of the road, which it should 
always exceed, in order to prevent the water running 
too far down ihe length of the road, and gullying it out ; 
for the water of rains runs off from llie middle of a road 
in the diagonal of a rectangle, the sides of which are pro- 
portioned lo the steepness of the two slopes, longitudinal 
and transverse. 

If these alDpes be equal, the rectangle Wcomes a 
and [he direction of the escaping' waters makea ud angle tfm 
450 with Ihe direction of the roiil. j-^- g^ 

If Ibe transverEe slope be double the _ 
ioDgiludinal, the waters in their di- 
agonal course malie an angle of I 
^wilh the road, as in the ligure. If 
the road be level longitudinally, they 
TUD 09^ at right snglea. 

On a steep side-bill, the transverse profile should be a 
single slope, inclining inwards from the outer edges of the 
road to the face of the hill. The ditch should be on the 
Bide of the hill, and ils waters be carried at proper intei^ 
Talfl under the road to its outside. This form is ^a.tticM 




larty ndvanlageous when ihe road curves rapidly around 
the hill, since it counteracts the dangerous centrifugal 
force of the vehicles. It may, therefore, be also adopted 
on the curves of a road in embankment. 

Through villages, where apace must be economized, 

and the aide ditchea dispensed with, the middle portion 

Fig. 8. 




of tlie road is made to descend each way from the centre 
as usual, but the aides slope upwards towards the houses. 
Two furrows, or shallow water-channels, are thus formed, 
wiiich should be paved to a width of two feet on each 
aide of their middle. This fonn may also be used on a 
hill-aide. 
A frequent, but very bad shape, is hollow in its middle. 



b 



in which tlie waters run. 
slide down towards each 
other, especially in frosty 
weather, and that the 
large stream in the mid- 
dle washes away the road, 



Its faults are, that carriages 
FV.9. 



It should never be used ex- 



cept when the widtli ia greatly contracted, and when it ii 
ah3o)ale]y impossible to obtain room for dilchca. 
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■ On each side of ihe carriage-way should be flat mounds 
raised six inches above the road. Sods, eight inches wide 
and six inches thick, should be laid against these mounds in 
such a manner as to form a sloping edge. The water which 
falls on the surface of the road runs along the holtoma of 
'.hese sods, in the " side channels" formed by them, til! it 
passes oflf under the mounds into the ditches. These 
mounds, in a great road of thirty feet width, should be six 
feet wide, and their surfaces should be inclined 1 inch in 
a yard. One of them should be covered with gravel for 
a footpath, and the other be sown with grass-seed. Their 
general adoption would greatly increase the safety of night- 
travelling, llie accidents in which often occur from running 
OD high banks or into ditches. They are not high enough 
overturn a coach when one wheel runs upon them, but 
sy indicate at once that the carriage is leaving the road. 
Outside of the footpaths should be fences, (or hedges, 
where the climate wit! permit) and outside of the fences 
should be the ditches. These mounds, ditches, Ac. are 
shown in Fig. 3. 



" The drainage of a road by suitable ditches is one of the 
most important elements in its condition. All allempta at 
improvement are useless til! the water is thorou^ily got 
rid of, and a bad road may often be transformed into a 
good one, by merely forming beside it deep ditches, sufB- 
cienlly inclined to carry off immediately all the water 
which falls upon it. Even if the water does not stand on 
the surface so as to form mud, if it filtrates from ll.e 
higher land beside it, and from 6pimgs\n:Aw\\,i4.w^\*-w*. 
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well drained off, it will weaken ilie siibstraiuin of the road 
so as to render it incapable of bearing heavy loads, and 
will be absorbed into the upper stratum by capillary attrac- 
tion. If the road have a covering of broken stones, the 
water penetrating into it makes ihera wear away very rap 
idly by assisting the vibrating motion of their fragments, 
as lapidaries grind down the hardest stones by their own 
dust, with the aid of water. 

The ditches should lead to the natural water-courses of 
the country; and should, if possible, have a minimum slope 
of one in a hundred and twenty-five, corresponding with 
the " minimum slope" of the road, though less v/iU suffice 
if the bottom be truly cut and kept free from grass. They 
should generally be sunk to a depth of three feet below 
the surface of the road. Their size will be regulated by 
their situation, being greater where they intercept the wa- 
ter from side-hills rising above the road, and also where 
the country is humid. A width of one foot at bottom, 
with side-slopes depending on the nature of the soil, will 
generally suffice. In wet soils the ditches should be so 
wide and deep, that the earth taken from them may be 
sufficient to raise the bed of the road between them three 
feet higher than the natural surface- 
There should be a ditch on each side of the road on 
level ground, or in cuttings, and on the upper side of the 
road, where it is on a hill-side. The water from the side 
channels must be carried into these, and the contents of 
tiic ditches must pass under the road to the natural water- 
courses by means of drains, culverts, &c,, as will be ex- 
plained in Chapter III, under the head of " Mechanical 
Structures." 




1 ihe slope is Uie bypolheimse, Uie base being al- 

I named first, and the perpendicular being the unil 

' of measure. Thus, if a culling of ten feet in depth 

goes out twenty feet, aa in the figure, its slope is said 

to be 2 to 1 ; if it goes out but five feet, it is said to be 

^to 1. 

77ie Slopes of Cuttings or Excavations vary with the 
nature of the soil, being made for economy as steep as 
its tenacity will permit. Solid rock may be cut vertically, 
or at a slope of | to 1. Common earth will stand at 1 to 
1, oral i^ to I ; the latter is safer. Gravel requires li 
to I. Some clays will stand at 1 to I ; while some, 
originally sloped 3 to 1, have slipped till they have as- 
sumed a slope of 6 to 1. The proper degree of slope is 
best determined by observing that at which llie earth in 
question naturally stands. Heavy clayey earth will as- 
sume a slope of I to 1, and very fine dry sand of nearly 
3 to 1 ; these are the extremes in ordinary cases. 

Deep cuttings should not, however, be made with less 
slopes than 2 to 1 , (even though they would stand sleeper) 
so ihftt the sun and wind may freely reach the road to 
keep it dry. The south side of exca\a.Uon& iria."^ W waA* 
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even 3 lo 1, when the extra earth can be profitably used 
neighboring embankmetl. 

When the lower part of a cutting is in rock, and lias a 
Bteep slope, iind 

the upper portion '^' 

in earth has a 
much flatter one, 
a wide " bench," 
or offset, should 
be made, where 
the change of 
slope lakes place. 

The following Table shows the angle with the honzoi: 
made by slopes of various proportions of base to height. 




81.P... 


AaglH. 


} 10 1 


75° 58' 


i 10 1 


63" 38' 


J to 1 


53° 8' 


1 10 1 


45= 


li 10 1 


38= 40' 


1^ 10 1 


33" 42' 


IJ to I 


29= 44' 


2 to 1 


26= 34' 


3 lo I 


18" 26' 


4 to 1 


14= 2' 


5 to 1 


11° 19' 


6 to 1 


9° 27' 



Fillings or Embankments have less variety than cuttings 
in the nature and condition of their materials, and there- 
fore have less variety of slope, which is usus.ly I5 lo 1, 
or 2 to 1 ; though some clays (which should, however, 
ft sever be employed, if their use can be avoided) require 
ttxriloi, when more than four feel high. 
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CURVEP SlUE-S 



^ 



The cuBlomary form of the aide-slopes of cuttings and 
fillings — that of an inclined plane — is not Ifio form of 
nioBl perfect equilibrium and stabiiily. To secure this, 
the slope may be steep near its lop, with its upper angla 
lounded off, but must widen out at ila bottom, where ihe 
pressure is the greatest. This is ihe natural face which | 
an excaTff.tion assumes when left to itself, as shown i 



Fig- 12. 




the figure. Its top, or salient angle, becomes convex;, 
and ils bottom, or re-entering angle, is filled up into a 
concavity, thus forming a curve of contrary flexure. If 
side-slopes were originally formed into this shape, ihey 
would be much more permanent, and the elements, rain, 
gravity, &c., would then work with man, and assist the 
labors of art, instead of destroying ihem, as when the 
usual form ia employed. This curve of stability is more- 
over that of beauty, coinciding with Hogarth's " line of 
grace." 

This plan is not known to have been ever put into 
practice, though the walls supporting a bank, particularly 
for a quay, are sometimes made concave outwardly ; j 
the dam nf the Crototi Aqueduct has, for il 
•oinewlint such a cun^ aa haB been a,bove i«ca 




4L WOAT BOADS OITOHT lO BE AS TO TB£IR SOBFAOA 
QUALITIES DESIRABLE. 

The surface of a road ought to be as smooth and ar 
HARD as possible, so as to reduce lo iheir smallest possible 
degree the resistances oi elasticity, collision, and friction. 

Smoothness is not only esscnlial lo comfort, but even 
more so lo economy of labor, of carriage-wear, and of road 
wear. Carriages passing over a smooth road are not only 
drawn more pleasantly, and with less exertion of animal 
strength, but also do much less damage to the road, than 
when it has hollows into which the wheels fall with the 
momentum of sledge-hammers, each blow deepening the 
hole and ihus increasing the force of the next blow. 

Hardness is ihat property of a surface by which il rc- 
sistfl tlie impression of other bodies which impinge upon 
it. It is essentia! to the preservalion of smoothness, ex- 
cept in ihe case of elastic surfaces. 

KESISTANOES TO BE LESSENED. 

Elasticity. — A road may be perfectly smooth, both be- 
fore and after a vehicle has passed over it, but if it sink 
in the least under the passage of a whee!, this yielding 
presents before the wheel & miniature hill, up which the 
vehicle must be raised with all the loss of power demon- 
strated on page 32. If the depression were one inch, and 
the wheel four feet in diameter, an inclined plane of 1 in 
7 would be formed, and one-seventh of the entire weight 
would need to be lifted up this inch. A road surface of 
:^outchouc, or India-rubber, of the most perfect smoodi- 
lesa, would therefore be the worst possible for traction, 
liiough vcjy pleasant for passengers. The wiiepla would 
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always he in depressions, and ihe horses would be always 
pulling up hill. An elastic bottom for a road, such as 
a boggy substratum, would for this reason cause great 
waste of draught. A solid, unyielding foundation is 
therefore one of the first requisites for a perfect road. 

Collision. — The resistance of cullision is occasioned 
hy the hard protuberances, inequalities, stones, and otiier 
loose materials of a road against which the wheels strike, 
with great loss of inomeutum and waste of the power of 
draught ; for the carriage must be lifted over ihem by the 
leverage of the wheels. It is, therefore, most important 
lliat such obstacles should be as few and as small as pos- 
sible, the resistance being proportional to their size, as 
K appears in the investigation which follows. 

Thepownr retjuirerl la draw Si wheel over aslone or anj obsta- 
cle, sucb as S in itio liguro, amy be thus calculated. Let P repie- 
Mnt the poller 8ou(!l!l, ^t 

or that wliLch wuuld tig.u^^^^^^^ H 

jaal balance Ihe wejijht y^"^ ^%. ^H 

the point of llie / \ ^H 

ne, and llie alighlest / \ ^M 

iqcreaBO of which would ,_..?. f.. — ? k^l 

draw it over. This \ \ / ^ 

power acta in ihe di- \ ' / ' / 

on CP with ihe X,!/ ' -^ 

leverage of BC dt DE. ^^^^^^^^^^^^^^m^ 
Gravity, repreeented by 

W, Tesifits in the direction CB with the leTtirage of BD. The 
equation of eqailibrium will be P X CB = W X BD, wbenca 

'^- " CB ~ CD — AB" 

Lei (lie radius of ihc whnel = CD = 38 inches, and the 
height ol" the iibstaclc = AB ^ 1 inclifs. Let Ibe weight W 
= S00 Iba.. of which 200 lbs. may be the weight of the wheel, 
and 304t lbs. the IukI on Mk ai^le. The rartnula Itwn bocoiiMi 



P = 500 ■ "^^ 7- = 500 — - - 311.3 lbs. The pres- 
■Uie at the point D is compounded of Ibe weight and Iba 
power, and equals W -^ = 500 X — - = S91 lbs.,aDd Lherefora 

acts with this great cQcct lo desiroy ihe rosicl in ila culIJaioa 
with the stone, io addition 10 itK force in descending froai JL 
For minute accuracy, the non- horizontal direclioa of tlie 
draught, aud the Ihickoess of the axle, should be taken iato 
Ihe account. 

The powec required is IcssenEii by proper Bpringa to xehi- 
cles, bj enlarged wheels, and by making the line of draught 

The Teaiatance produced by the hollows between the stones 
of a pavement is of a different nature. Aecordbg to the in- 
vestigations of M. Gerslner, the resistance ariaing Iron sucb 
a surface is directly proportional to the load, to ibe sqnare of 
the velocity, and lu the ratio of the width of the cavity lo iho 
ladiuB of lliB wheel ; and inversely proportional to ihe width 
of the pavinjT atones. 

Friction. — The resistance of friction arises from llie 
rubbing of the wheels against the surfaces wiib which 
ihey come in contact, and will always cxiet, however the 
furfpice may be improved. Its two extremes may be 
seen on a road of loose gravel, and on a railroad. It is 
greally increased v^hen the surface is covered with mud, 
or oilier loose material, into which ihe wheel may sink, 
and thus give a wider conlact. The degree in which 
it is influenced by the surface, may be shown by rolling 
an ivnry bal! successively over a carpet, a fine cloth, a 
Bmoolfi floor, and a sheet of ice ; the distances to which 
the same force will impel it over these surfaces increasing 
in tlic order in wliieh they have been named. 

The surface of a road may be improved by the various 
tmethoda oi diminwJiiiij; tlie (liclioi to be e«aaiin«d in 
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Cfaapter IV., sudi as " Macacl ami zing" Uio road, or 
ering it willi a layer of finely broken stones ; paving wil 
sinoolh stone blocks; covering with planks; or laying] 
wheel-tracks of stone, wood, or iron. - 

The friction on all these surfaces is different, and can 
be determined only by experiment. The inslrumeni used' 
for measuring it is culled a Dynamometer. Il lessmblea^ 
ia principle and general construction the " spring-balan 
ces" in common use, in whicii the application of a weight 
QOmpresses a spiral spring, the sliortening of whicii, as 
^own by a properly gradoaled scale. Indicates the 
amount of weight applied. In the dynamometer thi 
power takes tlie place of the weight of the spring-balan 
cea, one end of the inslrumeni being connected with the 
carriage, and the other with the horses, and the forci 
which lliey exert to overcome ihe friction being shown b^ 
index. 

Sir John Macnaill has gteally improrod the inatrumcnt, by 
(dftpiing to it a piston working in a. cjliniler full of oil, whiah 
kwens Ihe vibralionB of (he index, and enables its indications 
to he read wilh moie ease and precision. He has also added 
to il a contrivance for making (he inslrumeni itself record tho 
dcgrca of force exerted al each mamant ofmolion. It hkewise 
TBgiBlers Ihe distance passed ovet, and the rises and falls of 
Ihe road.* 

This valaable instrument alTards a means of asserlainlng 
the exact power required to draw a carriage over any line of 
Tosd \ it wiU llius enable one line of road to be compared with 
njiother, aad iheir precise amount of diifeience in case of 
draught, Id be Jetermined ; il will show the compaxative value 
of the different methods of improving the surface ; and it will 
enable a registry to he kept from year to year of the stale of a 
road, showing where and how much it has improved or de- 
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teiiorateil, dad therefore haw judiciously, oi the contrary, [h<^ 
funda expended on it have been applied. 

The following are the resoltB of esperimeDls made wiili thi* 
instrument on various kinds of road. The wagon employed 
weighed 21 cwt., and the reaislacice lo draught was as fol- 

• On a gravel road, laid on earth — pec 21 cwt., 1471ba.= J, 
" On a broken-Btone road, " " 65 ;= ^'^ 
" " on a paved foundation, " 46 =; ^, 

• On a well-made pavement, " 33 ^^ ^'j 
t On the best stone track-ways, per gross ton, 12^ =: y^g 
X On the hcsl form of railroad, " 8 =fit 

From the above experiments we infer, in round num- 
bers, taking ihe maximum load on a gravel road for the 
standard, that a horse can draw— 

On the best brokcn-slone road, 3 times as much, 
On a. well-made pavement, 4^ times as much, 

Oq the best stone track-ways, 1 1 times as much, 
On the best railways, 18 times as much. 

Poncelel^ gives the following letalions of the friction lo 
the pressure, for wheels with iron lirea rolling on dinerenl 
eurfaces : — 

On a road of sand and gravel, |^ 

rt L 1 , A i '<* ordinary condition, A 

On a pavement in good order, J ,, „ ,,^, ' V 

On oak planks not dressed, ^ 

The most complete series of experiments upon Ihe friclion 

of vehicles have been recently made by JVf. Morin.^ Some of 

the most important results are given below, in a tabular form. 

The tracliona express the relation of the force of draught ta 

the total load, vehicles included. 

• Paraell, pp. 43, 73. f Ibid. p. I07. 

t Lecount, p. 219. { M^canique Induelrielle, p. 507. 

II Aide-M^moLce de M^cauiquB, p. 337. 



r 


^■■■^ 


m 


1 


T=r;"." 


CHARACTER OF THE TEHICLK. 


1 


..». 


H 


,.»=, 


-A*-. 






New road, covered 
with gravel five 
inches thick, 


A 


* 


i 


i 


Solid causeway of 
earth, covered wilh 
gravel 1|- in. thick, 


A 


A 


A 


A 


Causeway of earth 
ia very good con- 

ditioD, 


A 


A 


A 


A 


Oaken platform. 
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^^^H 1. The resistance, or " Traclion," is direcUy propor 
^^^B tional to the load, and inversely proportional to tlie diam- 
^^^B eter of the wheel. 

^^^H 2. Upon a paved, or a hard Macadamized road, the re- 
^^^f sistance is independent of the widtii of the lire when it 
I exceeds from 3 to 4 inchea. On compressible roads, the 

resistance diminishes when the breadth of the tire in- 
creases. 

3. At a walking pace, the traction is the same, under 
the same circumstances, for carriages with springs, or 
without them. 

4. Upon hard Macadamized and upon paved roads, the 
traction increases with the velocity; the' iocrcmenu of 
traction being directly proportional to the increments of 
the velocity, above a speed of about 2J miles per hour ; 
but it is less as the road is more smooth, and the carriage 
less rigid, or better hung. 

5. Upon soft roads of earth, or sand, or turf, or roads 
freshly and thickly gravBllcd, the traction ia independent 
of the velocity. 

6. Upon a well-made and compact pavement of hewn 
stones, the traction at a walking pace is not more than 
three-fourths of that upon the best Macsdamized road* 
under similar circumstances : at a trotting pace it is equal 
to it. 

7. The destruction of the road is in all cases greater as 
tlie diameters of the wheels are less and it is greater in 
carriages without than w th ^riugs. 
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S. WHAT BOADS OUGHT TO BE AS TO THEIR "OBT, 

A minimum of expense is, of course, highly ilesirable ; 
hut the road which is truly cheapest is not the cne whicli 
has cost the least money, but the one which raakea the 
most profitable returns in proportion to Uie amount which 
has been expended upon it. 

To lessen the cott of the construction of a road, while 
striving to attain the aUribules which we have found lo be 
desirable, we should endeavor to avoid the necessity of 
making high embankments, or deep excavationsj or any 
rock-cuttings ; the cuttings through the hills should just suf- 
fice lo fill up the valleys crossed; the line of the road should 
be carried over firm ground and such as will form a good 
surface if no artificial covering be used ; or if it is. lo be 
Macadamized, il should pass near some locality of good 
stone ; and it should be so located as to require but few 
and small mechanical structures, such as bridges, culverlB, 
retaining walls, &c. 

COMPARISON OF COST ANn KEVENCE. 

The more nearly, however, the road is made to ap- 
proximate towards " what it ought to be," the more diffi- 
cult will it be lo satisfy the demands of economy. Some 
medium between these extremes must therefore be adopt- 
ed, and the choice of it must be determined by the amount 
and character of the traffic on the road which it is pro- 
posed to make or to improve. For this purpose an accu- 
rate estimate is to be made of the cost of the proposed 
improvement, and also of the annual saving of labcr in 
the carriage of goodfi and passengers which its adDp:ion 
will produce. If the latter exceed the ml«e*^ot aJb 
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mer, (at whatever per centage money for Uie inveBtmeol 
can be oblaiiied) then liie proposed road will be " what 
it ought to be as to its cost." From these considerations 
il will appear that it may be truly cheaper to expend ten 
thousand dollars per mile upon a road which is an impor- 
lanl ihoroughfare, than one tJiottsand upon another road iu 
a dilTerent locality. 

" How to csiiinale the cost ot a road" will be considered 
at the end of Chapter II., which treats of its " Location." 
Under the present head, we will examine how we may 
estimate tlic probable profits of a road, and from the com- 
parison of the two estimates determine how much the 
projectors of an improved road would be justified in ei 
pending upon it. 

AMOrST OP TRAFFIC. 

Let us suppose that it is proposed to improve a road in 
any way, whether by Macadamizing its surface, by short- 
ening it, or by carrying it around a hill which it now goes 
over. The first point to be ascertained is the quantity 
and nature of the traffic which already passes over the 
line. This may be most accurately found by stationing 
men to count and note down all that passes in a given 
time of average activity ; and from a sufficient number of 
such returns, well classified, deducing the annual amount. 

COST OF ITS TBANSPORTATION. 

The cost of conveying this amount of traffic is next to 
be calculated. To simplify the question, we will neglect 
the gain in speed, and consider only the saving in heavy 
transportation. Assume that over the road, thirty miles 
in length, 50,000 tons of freight are annually carried, and 
tliat the average friction of its surface (as determined by 
B. dynamometer) is j'j of ihe weight. The annual force of 
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draughr required is therefore 2500 ions, or 5,000,000 lbs. 
If the average power of draught of a horse at 3 miles an , 
hour for 10 hours a day be taken at 100 Iba.,' there would J 

be required ■ ' -r ^ — =50,000 horses working at 3 miles 
per hour. At ihia rate they would traverse the road in 
10 hours, or a working day, and the total amount of labor 
would equai 50,000 days' work of a horse, or $37,500, 
taking 75 cents for the value of one day's work. 

Suppose now that the road is to be macadamized, or 
planked, or in any way to have the friction of its surface 
reduced to i'j. The total force of draught will "Jicn be 

^"'^"'sQ ^" ~ ^ 2,000,000 lbs. = 20,000 horse power, at 
3 miles per hour, for 30 miles, or 10 hours = 20,000 days' 
work of a horse. This is a. saving from the former amount 
of 30,000. Taking the value of the day's work of a horse 
it 75 cents, $32,500 would be the actual saving of labor 
m each year, by the improvement proposed, which amount 
the carriers could afford to pay, (cither in tolls, or in ma- 

■ The powor of a Iioree al difl'Breul velocities la vary vajiable, Mid, in 
6).itB or mauy eiperimenta, is not yd nacertainod with Iho prociBion do- 
sirablB. The nsual convantional Bismnption ig 150 ibs. raoved 20 miles ■ 
day at the nte of S) inilcs per hour. TtiH k equivalent to Walls' home- 
power flf 33,000 lis. rabed 1 foot in 1 miaute. Tredgold's oiperimeal* 
give 1S5 lbs. moved SO miloa a day at 2J miles per hour. SincBton givM 
100 Iba. moved at same rate ; and Hacbelto 13» lbs. NuiDfroua careful 
Eiperimeots on an English railway (detailed in " Laws of EicaTalion 
and Embankment on Railways," pagB 105) giva 110 [be. moved 195 
miles par day at the rata afUA milo per hour. GaylBer (page 178) fixaa 
the power far a atrong draught-horse at 143 lbs. for 22 miles per day at 
HJ milea per bonr ; and for an ordinary horae, at 121 lbs. for 25 mUes per 
day at 3} miles per hour. Aa the apood o( a horse increases, hia power of 
dnuj^l diminKfes veiy rapidly, bU at last \a. caaooVj ntQt<i\Qa wtra-nn^^ 
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Jting Ine improvement thcmsdves) for llieir diminished 
expendiiure on horses. If money were borrowed at 6 per 
cenL, $375,000 would be the amount which could be 
expended in making the improvement, supposing the data 
to have been correclly assumed. If the improvement can 
be mode for any amount less than this, the dilfcreiice will 
ix SO much clear gain. 
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THE LE.VOTH. 

Next, suppose tiiat the improvement is only shortening 

B road a mile, by u new location of part of it. One- 

thirtielh of the original distance, and therefore labor, is 

saved, or — ^TT"" 1667 days' work of a horse =$1,250 

= interest of $20,833. Add to this the amount which the 
construction of this extra mile would have cost, and if the 
proposed improvement can be made for the sum of the 
two, or even a little more, it should be at once carried into 
effect ; for, besides the saving in the original cost and in 
the annual labor, there is also that of time, and of the for- 
mer cost of repairs of the extra mile, which is now dis 
pensed with. 

If the improvement be avoidijig a kill, t!ic resistance 
of gravity is to be compared with that of friction. Sup- 
pose that a certain road ascends a hill which is a mile 
long, and has an inclination of I in 10, and descends the 
other side which has the same slope, and that a level route 
can be obtained by making the road a mile longer. It is 
demanded how much may be expended for this purpose. 
Suppose that the friction on this road is jV, and that 
,000 tons, as before, ptss over it aimually. On the 
ij;mal road of two oiileB, tkn force of draught required 



for the 2 miles = 1667 days' work of a horse. To over- 
come ihe gravity of the loads on t!ie ircJinalion of I in 10 

requires—; — -= 10,000,000 Iba. for 1 mile = 

333,333 lbs, for 30 miles = 3333 days' work of a horse. 

The descent of a mile on the other aide of the hill is not 

a compensation, for a horse will have no more to take 

down the descent than he had dragged up Uie ascent. 

The total annual labor to overcome both friction and 

gravity on these two miles is therefore 1667+3333=5000 

days' work of a horse. 

Upon the new road proposed, there is no inclination to 

overcome, but an extra mile of length. The force of 

10 

- =8,500,000 
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lbs. for 3 miles = 250,000 lbs. for 30 miles = 2500 days' 
work of a horse. The saving of labor is therefore 
5000 — 2500^2500 days' work of ahorse = $1875 = in- 
terest of $31,250, which amount {deducting cost of repairs 
of the extra mile) may be expended in making the new road. 
These calculations have been made for extreme cases, 
in order to make the principle more striking, but the ad- 
vantages deduced from ihem have fallen short of the truth, 
since only the original amount of tratSc has been consid- 
ered, while all experience shows that lliis is very greatly 
increased by any improvement in the means of transport 
particularly by the increased speed, which is an inciden- 
tal advantage which we have not taken into account. 
This increase of traffic cannot, ho-WG-jci, b& ift\w,\M»sA 
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in adrance, by mathematical calculation, though we c^i 

readily see from how wide a belt of country the inhabit 
ants might profitably avail themselves of the improved 
road, and will do so eventually ; but how many of 
ihem will at once profit by it depends on considerations 
of taste, feeling, and prejudices, which are beyond the 
power of numbers. 



CONSEftUEST INCREASE OF TRAVEL. 

To ascertain from what distances to the right or left on 

[■either margin, the improved road might expect to attract 

I trave' to itself from other thoroughfares by the cross- 

Ijroads, the following course of reasoning may be employed. 

Let AH be a portion oF the improved pj_ |4_ 

road, connecting the poinla A and B. g 

Let C be a town connected with the 

other Iwo puintit by iho old unimproved 

roads CA and CB. It ia required to de- 

termine whether the travel from C to A 

can with the least cost {the cost 

compounded of time and labor) g 

by the old road CA, or take the old ci 

road CB to the nearest point B of the 

improved toad, and then follow the httcr 

loA. 

The first point ia to ascertain the ratio of improvement of 

the new road compared with the old, or its ratio of diminution 

of coat of travel. For simplicity of calculation let ua t-all 

this ratio tuia. Denote the miles in AC by m, in AB by n, at>d 

in BC by i. The relative cost of travel over the line AC will 










AB it will be only g- 

If, tbeu, ii: + ^ < ">, it vrill cost less to make the circuit 
from C to A ihrojgh B ; and both routes will be equal in cost 
when a-i- — =^7it. In this calculalioit, therefore, tlie hypolba- 
■DM equals the perpendicular and half the base ' 
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The preceding method will decide the c^ aestion for any 
one place, but the following plan may be resorted to for 
tne purpose of marking out on tlie map the entire area, 
from within which travel may be expected to be attracted 
to make use of the improved road. 

Let AB repre- 
sent a portion of J^ 
the improved 
VMdf lying be- 
tween the two 
points A and B, 
at which cross- 
roads come in. 
It is required to 
fix the points 
C, C, D, D, so 
that lines drawn 
froih C and C to A, and from D and D to B, shall define this 
tributary area. BC or AD is to be found in terms of AB ; 
L e. J? in terms of n. 

By the preceding investigation, 
37 + - = m. 
But in the right-angled triangle ABCt 

Substituting in first equation, we get 

whence is obtained the value, 

Theiefore from A and B set off, at right angles to AB, BC, 
and AD, each equal to f AB ; join AC and BD ; and the area 
included will be that within which it would cost less for the 
inhabitants to use the improved road, though with increased 
distance, than to pursue the direct but unimproved road.* 



* Lecount, Troatise on ilailwv^p. ISU 
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" I do not know thit I could suggest any one problcn 
■n en^DPer, wblch woald re<]uire b grotttci exertion of KKDlilic ikill and 
pntcucsl kiiowltdge, than laying out a rDnd."^'DL Likdnek, in 183G. 

The location, or laying out, of a road, consiata in de- 
termining and [narking out on llie ground those points 
through which llie road should pass, in order to satisfy, 
as Dearly as possible, the lequirements of " what a road 
ought to be." 

These requirements, ho far as they afTect the location 
of a road, arc, in recapitulation, as follows : 

As to direction — that the road should be as straight as 
possible, but that straightness should be considered sub- 
ordinate to easiness of grade. 

As to slopes — tliat tbe road should be as lerel aa possi- 
ble ; that it should avoid unnecessary undulalions ; and 
that its slopes should not exceed 1 in 30, nor fall below 
1 ui 123. 

As to cost — that tbe amount of excavation, embank- 
ment, mechanical structures, Sec, should he the least 
which will make' the road " what it ought to be," in refer- 
ence to the quantity of traffic upon it. 

If the country through which the road is to pass should 
be a plain of uniform surface, a straight line joining the 
two termini, and running along the surface of the ground 
would satisfy all these conditions at once. In most cases 
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however, the ground is so uneven, hilY. and undulaling, 
as lo priiseiit very great difEcuUies in ihe way of a proper 
location. The slturlest line would pass over the tops of 
hills and the bottoms of valleys, and would thus be often 
so Bleep as to be impassable. The most level line would 
often increase the distance too much by its necessary 
windings ; as would also the cheapest line, which seeks to 
avoid all cuttings and fillings. It is generally impossible 
to unite all these requirements, and to secure all the good 
qualities and valuable attributes of the ideally perfect 
road ; and the best line will therefore be a compromise 
between them all. Great skill is consequently required 
to select the best possible hne among these conflicting 
claims, and this skill is more often needed in our new and 
rapidly expanding country than in England and otlier 
long-settled regions, where the hnes of all important roads 
have been long since established ; though even there 
many miles of old roads are yearly abandoned, and new 
lines substituted for them, in order to make a slight saving 
of distance, or to diminish the height to be overcome. 

Two distant points of departure and arrival being 
given, it is required to determine the best line for a road 
connecting them. 

In many cases the best general route for the desired 
road can be determined with perfect certainty without 
going upon the ground, by simply examining a map of 
the district upon which merely the courses of the streams 
are laid down. From them an instructed and skilful eye 
can deduce all the elevations and depressions of the coun- 
try with great precision and accuracy. To do this, how- 
ever, requires a knowledge of so much of Physical Geog 
raphy as explains the manner in which nature has din 
posed the iiiequaliliea of the surface ot \he estfii. 
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I. AHHAKOEMENT OF HILLS, T ALLEYS, AND WATBK.OODKSEa. 

Hills and valleys at first glance appear to [he ignorant, 
and even to the better informed, to be utterly wilhoiil 
system, order, or arrangement ; but they have in rcalily 
been disposed by nature with a groat degree of symmetry, 
and their forms and positions are found to be the result 
of the uniform action of natural laws, and to be capable 
of being traced out and understood with comparative 
ease. 

Hills being the great antagonists and natural enemies 
of the road-maker, he must endeavor to find out their weak 
points, and to learn where he can best attack and pene- 
trate tliem, and most easily overcome their opposition to 
his improveraenls. Watei'-courses being his guides and 
chief assistants, he must study their iiabits and principles 
of action, and learn what are the causes which produce 
iheir seeming vagaries of direction. 

Hills are most usually found constituting chains, or 
ridges, though sometimes collected in groups, and at 
others detached, or isolated. The chains arc usually 
made up of several parallel ranges, and often send forth 
branches or spurs in transverse directions. Sometimes 
they are merely the slopes of a table-land in which iheir 
summits merge. To form a proper conception of a range 
of hills, imagine in the midst of a plain an elongated mass 
of the form of the roof of a house. The two faces of 
this represent the slopes of the range ; their inleraection 
is the ridge, their bases are the/fe(, the distance from one 
foot to the other is the breadth, and from one extremity to 
the other the length; the vertical elevation of the ridge 
above either foot is its relative height, and above the sm 
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ilB absolute height. All water which falls upon the slojiea 
descends theoce in a «el!-delined track which coirespoDds 
with the line of greatest slope, the direction of which it is 
therefore important to determine. 
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LINE OF OBEATEST SLOPE. 



ir Ihe ridge AD of Ei 
nnge of hills be horizontal, 
■nd ita opposite slopea in- 
clined planes cutting each 
other in that horizontal line, 

a, spherical body, allowed, to roll down freely from any poini 
C of the ridge, will descend in Ihe line CD at right angles to 
the horiionlal line AB ; this lino CD being ita nearest poa- 
■ibie approach to the vertical line in which it tende to move 
in obedience to the law of gravity. CD ia therefore Ihe lint 
of greateit slope, and consequently of quickest descent. It ii 
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follow 


in Ita aearch for the short- 


fist path of descent. 
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the slope of the ridge. To 
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The same resull might he oLherwIse obliined by laUing at 
C a perpenilicular lo Ihe plane of the slope, and from any point 
therein letting fall a veilical line, which will idlersecl the 
riope at some paint E, which is to be joined lo C as before. 

When the slopes are not plane 9, the coDatnictions are more com- 
plicated, as the '■ lines of greatest slope" then become curves. • 
The walers which have fallen upon ihe mountain-Iopa 
from lime immemorial, have hollowed out for themselves, 
or have adopted for iheir passage, channels which follow 
the lines of greatest slope, whose direclions we have just 
investigated. In descending the slopes of a range of hills, 
ihey thus form " principal" valleys, the directions of whicJi, 
as we have seen, are perpendicular to the ridge when it is 
horizontal, and, when it is inchued, share its general in- 
clination. These streams thus divide ihe range or chain 
into ramifications or branches, having approximately the 
same direction as themselves. The line in which the 
opposite slopes of two of ihesc adjoining " branches" in- 
tersect each other, and which ihus marks out the lowest 
line of a valley, is called a tlialweg.i The foot of one of 
the opposite slopes which enclose a valley is generally 
parallel to the foot of the other in all its sinuosities, a 
projecting point of the one corresponding to a receding 
cavity in the other. This symmetry is, however, gome- 
times replaced by alternate widenings and contractions. 

The main ridge is cut down at the heads of the streams 
into depressions called gaps, or passes ; the more ele- 
vated points are called peaks. They are respectively the 
origins of the valleys and of the branches on both sides of 
the principal slope. In the gaps are often found swamps, 

■ Gayffier, p. 3. 

t A German word, (signifying " [he road of the valley") which has been 
natumllzed in Ihu French language, fad might be WDTcaiently added la 
ir Biigioesnng vocahulaTy ii\ English 
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■< fed by ihe rain which faila od ihe peaks between whicli 
they lie. In these the streams lake their rise, and thence 
run in contrary directions down the opposite slopes of the 
ridge. The intermediate point, from wfiich ihey start and 
diverge, is called the culminating point of the ridge. 

Thus Ihe " Notch" of the White Mountains is the " cul- 
minating point" from which diverge the Saco and the Am- 
monoosuc, the one emptying into Long-Island Sound and 
the other into the Atlantic. So, loo, from the various cul- 
minating points in the Alleghany chain, streams run, on 
the one side towards the Atlantic, and on the other to the 
great lakes and to the Mississippi. From the culminating 
points of the Rocky Mountains, the slightest impulse would 
turn the nascent stream either into the head-waters of the 
Missouri and llience into the Gulf of Mexico, or inlo the 
head-waters of the Columbia and thence inlo the Pacific 
Ocean. The same phenomena, on a miniature scale, are 
repeated on every ridge after every shower. 

A river of the largest class marks the lowest points (or 
the thalweg) of a " principal" valley. On each side of it is 
a bounding ridge, which is ilself pierced by " secondary" 
valleys, through each of which runs a stream of less mag- 
nitude, its waters emptying into the first-named river, of 
which it is a tributary. The ridges which form the val- 
leys of each of these lateral streams are in their turn fur- 
rowed by valleys of the third class ; their banks by the 
valleys of streams of still less importance ; and so on. 

The "principal" valley is a trunk, from which, and 
from one another, the lesser valleys and streams ramify, 
like the branches of a tree, or like the veins of the body ; 
meeting it at angles approaching more nearly to a riglj 
angle in proportion as the ridge of the slope which they 
fjrrow approaches to a I orizontal line. 




INFERENCES FROM THE WATER-C0CHBE3. 

Wo tlius see how an accurate map of ihe sireams of any 
district may enable us to deduce from lliem the position 
of ihe valleys, their lowest points, and the lines of greatest 
slope ; for with these the waler-couraes coincide. The 
position of (he ridges which form the valleys is a necessar)' 
corollary, as well as their lines of greatest slope. 

Having determined these, we can profit by the follow- 
ing fundamental principles : 

1 . If a principal ridge is met by two secondary ridges at 
the same point, the point of meeting is a maximum of height. 

2. If a principal ridge is met by two thalwegs at the 
same point, the point of meeting is a minimum of height. 

3. If a principal ridge is met at the same point by a 
secondary ridge and a thalweg, nothing can be inferred.* 

The following examplest show more in detail some of 
the Inferences which may be drawn from the map : 
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If, on any portion of a map, the 
itreams appear to diverge from any 
point, as A, that point must be the 
common source of the streams, and 
therefore the highest part of that re- 
gion. 

The converse is likewise true : if 
the etreama all converge towards some 
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• JuUmd, ii. 393. 
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point, as B, ihat will be iJie lowest 
epot of the district embraced witli- 

tiiG map. 

If two streams are seen to Sow in 
Opposite directions from the same^ 
point, as C, it may be inferred tliat 
this spot is at the head of the rcspec- 
liya Talleys of these streams, and 
supplies them with water, and that it 
must be fed by higher ground beside 
it ; or, in other words, that there is a 
ridge of hills separating the heads of 
the two streams, and that there is a 
depression or indentation in this ridge 
at tlie point C, which is therefore the 
natural and proper location for a road 
connecting the two valleys. 

If two streams are parallel to each 
other, and flow in the same general 
direction, this circumstance simply 
indicates tiiat the ridge which divides 
them has the same general inclina- 
tion and direction as the streams. 
Bat if any of their smaller tributaries 
approach each otiier at their sources, 
as at D, this indicates a depression 
of the main ridge at that point, and 
marks it out as the lowest and easi- 
est spot for the crossing of a road, 
as in the preceding case. 

If two streams liave been flowing 
ill parallel courses, but at a certain 
point E diverge from each otln r, 
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that spot is the lowest point of the 
ridge between them. 

If two streams are generally par- 
allel in their courses, but flow in 
opposite directions, the low points in 
the ridge between them will still be 
shown by the approach to each other, 
as at F, of the branches or secondary 
streams ; or by the principal streams approaching each 
other at any point, as at G. 

Having thus become acquainted, by the aid of the 
map, with the principal features of the ground, we are 
prepared to plan, if not the precise location of the road, at 
least the proper course for the preliminary cxplorationt 
upon the ground. Long lines of road usually follow ihf 
Talleys of streams, and lhus secure moderate grades and 
find the lowest passes of the ridges to be crossed. In this 
way the Simplon road crosses the Aips, by ascending the 
Taliey of the Saltine to its head, and then descending that 
of the Doveria. So, too, the Boston and Albany railroad 
finds an easy grade from Worcester to Springfield in the 
Taliey of the Chickapee river, and then winds through 
the mountains, up the valley of the Westfield, til! it 
reaches the head-waters of the Housatonic upon the other 
side of the ridge. The Illica and Scheneclady railroad 
never quits the valley of the Mohawk. In short, all roads 
strive to avail themselves of such facilities. If they can- 
not, and if the map shows that their general course is 
transverse to the directions of the streams, instead of with 
them, it may be at oneo predicted that they will be sfeep 
in their ascenis and descents, or exceedingly expensive 
in their construction. 

These jrinciples having been established, and all pes- 
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l-aililo infcrmalion obtained from the map, the Reconnats 
I sance may be commenced. 



2. BEOOUHAIESANOB. 

This is a rapid preliminary survey of the region tlirough 
'which ihe road is to pasa, and is generally made by the 
eye alone without instruments. It is intended to be only 
an approximation to accuracy, and to serve to determine 
through what points routes should be instru mentally sur- 
veyed. The road-maker must examine the country, map 
in hand, visit and identify the points selected on the map, 
and see whether his closet decisions have been correct. 
■He must go over the ground backward and forward in op- 
posite directions, for it will often appear quite different, and 
itonvey verj- dissimilar impressions, according to the point 
■from which it is viewed. Thus, a hill which one is de- 
'Bcending may seem to have a very easy slope, while it 
may appear very steep to one ascending il. No time or 
labor should be spared in these first expjoraiisns, as they 
will save much expense in the subsequent surveys, which 
in their turn should be ihorouglily executed, to secure the 
route most economica! in construction. Indeed, the sur- 
veyor should become as perfectly acquainted with the 
face of the country as if he Jiad passed his hand over 
every foot of it. 

t Certain points, called "ruling" or "guiding" points, 
will be found, through which the road must pass ; such 
&a a low gap in a range of hills, a narrow part of a river 
suitable for a bridge, a village, &c. But a road which is 
lo be a thoroughfare between two places of great trade, 
should not be turned from its direct course to accommo- 
daie a sniaJJ town, la.xing for ils benetiV&\\'wVoV\a.st\.v.i^a» 
dtt . __^ . 
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the road. " The greatest good of ihe greatest number" 
is here the rule. HiilL less should individual interest be 
allowed lo operate, and the general interest of the com- 
munity be sacrificed lo llie convenience or caprice of a 
single person. The permanent benefits to future genera- 
ions should never be. made subordinate and subservient 
o temporary and personal advantages. 

Between these " ruling" points, the straight line joining 
them is to be marked out. The route adopted must vi 
brale on each side of this line, like an elastic cord, con 
linually tending to coincide with it, except when dellected 
to the right or to the left by weighty reasons, such as the 
accidents of the ground supply. Thus, a swamp, which 
woidd render necessary an expensive causeway, is a suf- 
ficient cause for a wide deviation of the road to avoid it. 
The disadvantages of straight lines, whicli encounter and 
lun over hills, have been RxplaJncd in the preceding chap- 
ter. In the accompanying rig, 26. 
iigure the iipper sketch 
shows a plan, or map- a 
view, of two roads, the 
ono ACB over a hill, and 
the other ADB around it ; 
and l!ie lower sketch 
ihows a profile, or side- 
view, of the respective a i- 
heighls of the same hnes. 

When there are many small valleys or ravines, wjih 
projecting spurs and ridges intervening, instead of making 
the road wind on ihe level ground, and follow all its sinu- 
osities, as, ACCCCB, in the next figure, it will be better 
, toinake a nearly alraighl line, as ADDDB, cut through the 
igiojecuiig points in such a way tiiat the earth dug out 




bhall JUB suffice to fiU llie hollows. The gain by saving 
M>f dislance may balance liie cost of culling and filling. 




Wlien ihe loule follows ihe valley of a siream, it may 
conform to its sinuosilies, if ihe turns are not too abrupt, 
and if the cuttings and fillings on a straighier line would 
be loo expensive, but should approximate to the latter 
plan, if the importance of ihe road and the funds at com- 
mand will justify the increased cost. The former pl?.n, 
however, generally gives the cheapest and most level 
route ; and guided by this principle a blind man was for a 
long time the very best layer out of roads in the hilly re- 
gions of Yorkshire and Derbyshire. He followed the 
streams closely, and when they made loo sharp bcD<ts, 
he sought in tliese arcs the straighteBt chords which 
lassed over practicable ground. 

When a valley is to be crossed, ihe route should gen- 
erally deviule from llie siraiglit line ACB, (Fit;. 28) and 
curve towards the head of ihe valley ADB, which there is 
imialJy shallower and narrower. Itiv.dciwXBAvtiViwi'aiitv 
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3irection, as AEB, iiwould 
increase ihe depih and 
widUi lo be Ailed up as a 
shown by ihe correapo d 
ing profiles. 

But sometimes il e two fl 
sides of the valley ap 
proach each other at some m 
point lower down, so as iSV^A''^'^ 
lo render the space be- 
tween their banks narrow- 
er though deeper; and if 
on measurement this area 
is found on the whole to be lessoned, f 
embankment, the road should cross at that point instead 
of higher up. 

Another case in Fig- 29. 

which a va ey may 
with advantage be 
crossed down s earn 
is when in ha pa 
of the valleya e found 
detached o so a ed 
hills and ridges as F 
and r, wh h nay 
cause a great saving 
of embankment, on 
the line AEFB, com- 
pared with either the 
straight route ACB, or tlie up-stream one ADB, as is 
shown in the accompanying plan and profile, in wliich ihe 
same lellers lefer to corresponding lines. 

When a road is to join two places on (he opposite side* 
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lo^ a ridge, wc can profit by ihc obscrvalion that the 
streams, by the approach of their sources, show the low- 
est points of the ridge ; and of the various passes thus 
indicated, we ahouid choose that one, the valleys of the 
streams from which run as nearly as possible in the di- 
rection of the required hne ; and that one, also, which 
has the most uniform inch nation ^not easy at the foot 
and steep towards its summit, as is often the case. 

Wlien a road is to join two places situated an the same 

r side of a mountain ridge, hitt half way down its side, a 
straight line between them would cross, in their deepest and 
widest parts, all the "principal" valleys which run down 
from every gap. One of two other plans must then be 
adopted ; either to ascend, and carry the road, with neces- 
sary windings, at the level of the culminating points of 
the gap, where the valleys liave only begun to be hollowed 
r to carry it at the foot of tiie ridge, where the va!- 

f leys have run out to nothing, and merged themselves un- 

t distinguish ably in the plain. Eillicr plan, in spile of the 
initial and final ascent and descent, is preferable to the 
direct line. 

ng.30. 



The respective profiles of the three plans would be 
somewhat as represented in the figure, in which ACB is 
the first plan, ADB the second, and AEB the last. The 
last line is generally taken, because there are more inhab- 
itants at the foot of the ridge. It would properiy run near 
the line of separation between the uncultivated slopes and 
i)ie pioug\}eii /ielils. 
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The location of a road is also influenced by the geology 
of a dialricl, wliich must therefore be carefully studied 
This science will make known the probability of finding 
rock on cutting deep into a hill proposed to be crossed ; 
in which case the cutting should be avoided, if possible, 
by a different location of the line. It will also determine 
the dips of ihe strata to be cut into, the angle at which 
they will stand, and iheir liability to slip ; and therefore 
through which the line may best pass. If the road ia to 
be covered with broken stone, or to be paved, a know- 
ledge of tho locality of the best materials might cause a 
line approaching it to be preferred to one which left it at 
a distance. 

The Reconnaissance is to be made in accordance with 
the principles which have been enunciated, obtaining all 
needful information from tiie residents of the region to be 
examined, and the details of its general course are to be 
marked out on the ground, thus establishing " Approxi- 
mate" or " Trial" lines. In a wooded country this is done 
by " blazing" the trees in the line selected, (removing a 
chip from their sides with an axe ;) and in a cleared coun- 
try by driving stout slakes at the moat important points of 
the line, such as all changes in its direction, and in the 
slope of llie ground. 



3. SUEVE7 or A UNS. 

When the diilerent portions of a proposed line have 
been thus marked out, in order to form an accurate opin- 
ion of its merits, it is necessary to meaaure— 

1, lis distances. 

Z. Its directions. 

3. Jts heights. 



The lenglh of a slraight line, ihat is, ihe distance be- 
tween it3 extremities, may be approximately estimated in 
a variety of ways, without the delay of actual measure 
ment in detail. 

Sound is a well-known means. Its velocity is 1100 
feel per second at the temperature of freezing.' If a gun 
be fired by an aseisiant at one end of a line, an observer 
at the other end, by counting the seconds which intervene 
between seeing the flash and hearing the report, and mul- 
tiplying their number by 1100, can estimate the distance 
with considerable accuracy. If he have not a walcli with 
a second-hand, he can at once make a portuble pendulum, 
by fastening a pebble lo a string, and making it swing in 
regular vibrations, each of which will be performed in an 
exact second, if the siring be 39J- inches long; in half a 
second, if it be OJ inches longj and in a quarter second, 
if its length be 2^ inches. 

This method is best adapted for considerable distances, 
;n which there arc good points for observation, such as 
the hills on the two opposite sides of a wide valley. 

For shorter distances, the distinctness with which dif- 
ferent objects can be seen, is an approximate guide. Thus 
the windows of a large house can generally be counted at 
the distance of 3 miles ; men and horses can just be per- 
ceived as points at about 1| miles ; a horse is clearly dis- 
tinguishable at I mile ; the movements of a man at 
i mile ; and a man's head is plainly visible at J mile.t 

• For each degree of Fahreuheil above 32°, add ona-hBlf fool, and for 
BBch degree below, sublrael one-hnlf foot. A tempernlurt of 60° would 
tlierefore give 1100 -|-^ = 1U4 fsel per BMOod 



The Arabs of Algeria define a mile as " ihe dislance al 
which you can no longer distinguish a man from a wo- 
man." These distances of visibility will of course vary 
Bomewhal with the slate of the atmosphere, and still more 
with individual acuteness of sight, but each person can 
modify them for himself. 

For still less distances, an easy method is to prepare 
a scale, by marlting off on a pencil what length of it, when 
it is held off al arm's length, a man's height appears to 
cover at different distances (previously measured with ac- 
curacy) of 100, 500, 1000 feet, &c. To apply this, when 




a man is seen at any unknown distance, hold up the pen- 
cil al arm's length, making the top of it come in the line 
from the eye to his head, and placing the thumb nail in 
the hne from the eye to his feet. The pencil having been 
previously graduated by the method above explained, the 
portion of It now intercepted between these two Hues will 
indicate the corresponding dislance. 

If no previous scale have been prepared, and the dis- 
tance of a man be required, take a foot-rule, or any meas- 
ure minutely divided, hold it off at arm's length as before, 
and see how much a man's height covers. Then know- 
ing the distance from the eye to the rule, a slalement by 
the Rule of Three {on the principle of similar triangles) 
will give the distance required. Suppose a man's height, 
of 70 inches, to cover 1 inch of the rule. He is then 
t/aies as far from Oie eye as the rule ; and if iis distance 




en 70 J 

itance I 




UEASUREMENT OF DISTANCES. 

2 feet, ihat of the man is 140 feet. Instead of a man's 
leigliE, that of an ordinary house, of an apple-tree, the 
length of a. fence-iail, &.C., may be taken as the standard 
of comparison. 

Quite an accurate measurement of a line of ground maj 
be made by walking ova it at a uniform pace, and count- 
ing the steps. It is Ijetter not to attempt to make each 
of the paces three feet, but to lake steps of the natural 
length, and to ascertain the value of each by walking 
over a known distance, and dividing it by the number of 
paces required to traverse it. An averuge length is 33 
inches. An instrument, called a pedometer, has been 
contrived, which counts the steps taken by one wearing 
it, without any attention on his part. It is attached to the 
body, and a cord, passing from it to the foot, at each 
step moves a toothed wheel one division, and some inler- 
mediato wheelwork recoi'ds ihe whole number upon a dial. 
These methods are all approximations. For more ac- 
curate measurements a cliain is employed. The usual sur- 
veyor's or Gunter's chain, is 66 feet or four rods long, and 
is divided into 100 links; but for the measurement of 
distances only, without reference to areas in acres, a ciiain 
50 or 1 00 feel is much preferahle. 
When obstacles are encountered on the hnc, rendering 
direct measurement impossible, such as a house, a 
id, a river, &c., resort must be had to some of the 
.ny ingenious contrivances to be found in the special 
:atises on surveying and engineering field-work. Two 
y of the best, which have the advantage of requiring 
calculations, will be here given. 

When the obstacle is one around which we can pass, 
•ucb as a house or a pond, the following plan may be 
adopted. Let AB be the distance vci\\.\ii«d. M.t'a.'»w.ft 
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from A obliquely to some point C, 
past the obstacle. Measure on- 
ward in the sanie line, till CD is as 
long as AC. Place slakes at C 
and iX From B measure to C, 
and from C measure onward in the 
Baiiie line, till CE is equal to CB. 
Measure ED, and it will be equal 
to AB, the distance required. 

When the obstacle is a river, 
k) be employed. Let AB be 
llie required distance. From 
A measure any line diverging 
from the river, as AD, and 
set a stake in its middle point 
C. Take any point E, in the 
lincofAandB. Measure from 
E to C, and onward in the 
same line, till CF equals CE. 
Then find by trial the point 
G, which shall be at the same 
time in the line of C and B, and in the line of D 
and F. Measure the distance from G to D, which 
will equal ihe required distance from A to B, The 
tines which it is not necessary to measure are dotted 
in ihe figure. 




MEASUREMENT OF DIRECTIONS. 

Having measured the lengths of the various portions of 
(he line, by whatever method will give the degree of ac- 
curacy required, tlieir directions are alsn 'o be examined. 
determined, and recorded. 



^^A' These 
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MEASUREMENT OF DIIIECTIONS. 91 

These direcUona may be accurately determined, wilh 
'reference lo the adjoining portions of the lines, and there- 
fore to any given line, by simple mGasurementa with 
the chain, without the use of any of the usual compiicaled 
angular instruments. 

Let AB and BC rep- Fig. 34. 

resent two lines on the 
ground, meeting at any 
angle. It is required to 
determine the change 
in the direction of the line BC from that of AB, i. e., the 
angle CBD, or the " angle- of deflection." Set off from B 
equal distances, BC on the new line, and BD on AB pro- 
duced, and measure DC, which ia the chord of the angle 
required. To find the angle numerically, lake half this 
measured chord, (which equals the sine of half t!ie angle 
to radius BC) and divide it by BC. Find in a table of 
natural sines the angle corresponding lo the quotient. 
Twice this is the angle CBD required. But even this 
brief calculation is needless for putting down the line 
upon paper, as it is only necessary to describe an arc 
from B aa centre wilh BC aa radius, and to set off CD of 
the proper length, the distances being taken from any one 
scale. 

If the direction of a line be required independently of 
any other line upon the ground, it is usually referred to 
the direction of the nneridian, i. e., the line which pasaes 
through the north and south poles of the earth. Thr 
campass is the readiest means of obtaining this, although, 
in addition to its other inherent defects, it gives the angle 
made by the given line witii only tiie magnetic meridian, 
which is constantly changing, and from which the init 
meridian in most places varies considecabl-y. 





93 THE LOCATION OF ROADS. 

To delermine the true meridian (and iheiefore the 
angle which any line makea'with it) without the uae of 
the compass, the fgllowing is a siinple and sufficiently 
accurate method. On the south side of any level surface, 
erect an upright staff, shown, 
in horizontal projection, at A. 
Two or three hours before 
noon mark the extremity, B, 
of its shadow. Describe an 
arc of a circle with A, the 
foot of Ihe staff, for centre, 
and AB, the distance to the 
extremity of the shadow, foi 
radius. At about as many 
hours after noon as it had been before noon when the 
first mark was made, watch for the moment when the end 
of the shadow touches the arc at another point C. Bisect 
the arc BC at D. Draw AD, and it will be the true me- 
ridian, or north and south line, required. 

For greater accuracy, describe several arcs, mark the 
points in which eacli of ihem is touched by the shadow, 
bisect each, and adopt the average of all. The shadow 
will be belter defined, if a piece of tin with a hole through 
it be placed at the lop of llie staff, as a bright spot will 
thus be substituted for the less definite shadow. Nor 
need the staff be vertical, if from its summit a plumb- 
hne be dropped to the ground, and the point which this 
strikes be adopted as the centre of IJie arcs, through which 
the meridian line AD is finally to be drawn." 



■ For Ibe metbod of dBtermI 
I Diviea' Surveyingj p. 137. 
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^H^ HEASURfiMEMT OF RBIQHta. 

^^^K KEASUREMENi' OF 11C1CI1T3. 

^^V The relative heights of the difTerent points, at which 

^^B)|tie line changes its slope, arc nest to be determined. 

^^BjThc operation required for this purpose is called level- 

^^^uiNG. It consists in finding how much each of these 

^^B^ints is below any level line. The difference of tiicir 

^^^distances below it (measured perpendicularly to il) is the 

difference of their heights. Tiic first step, then, is to 

discover means of getting a level line at any point desired 

The principle, that a level hne is everywhere perpe i- 

dicular to tlie direction of gravity, furnishes the first 

method. Upon it depends the well-known " MasotCa 

level" in which a y 3g_ 

straight edge AB is 

" level," or horizontal, 

»when a line CD, ex- 
actly at right angles 
to it, is covered by a 
plumb-line attached to K" 
its upper extremity C. 

As this position of the level hne is inconvenient, in 
practice, for long sights, by inverting the instrument we 
gel the " Plumb-line level." To construct it, at the mid- 
dle of a straight edge, at- Fig. 37. 

tach a bar, so that a line •^j »- . - = : '"' i 

drawn through its middle 
is eiactly at right angles to 
the straight edge. From 
the point of meeting sus- 
pend a plumb-line. Turn 
the instrument till the 
plumb-line covers the line drawn on U\b Xia,!;. "^V^v ■^'JJ. 
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llie Blraigiit edge be a level line, and by looking over ill 
Burfnce, or across sights, placed at equal heights above its 
ends, this level line may be produced by llie eye, bo as ti 
pass over any point to which llie straight edge is directed. 

A modification of the Fig. 38. 

plumb-line level, which 
has the advantage of be- ^^. 
ing self-adjusting, is call- 
ed the " Pendulum lev- 
el." Aa before, a straight 
edge and a bar are fixed 
at right angles to each 
other, but a heavy weight at the lower extremity of the 
bar keeps it always vertical, and, consequently, the 
straight edge always horizontal. The whole apparatus 
is suspended by a ring from the junction of three legs 
which move on pivots, so as to form a steady support on 
the most uneven ground. A " tripod" of this sort is gen- 
erally employed for the support of all the instruments of 
surveying. 

The "AleveF is a 
portable and conveni- 
ent modiiicalion of the 
mason's level. The 
legs AB, AC turn on a 
hinge at A, as does the 
bar DE at E, so that all 
three may be folded up 
into a stout rod. When 
the plumb-line corre- ' 
spends with the middle of the bar DE, the feet of the m 
slrument are ou the same level At F and G arc fixed 
Iwo sights, at equal distances from the feet, so that 
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- ihc lallcr are level, llie line, obtained by looking 
JBougb lliP.se sigiits, is level also. The use of ihe olher 
FistoiiE oti .lie bar DE will be explained under Uie head 

G.-adcs."' 

Another simple instrument depends upon the principle 
that " v^ater always finds its level." If a tube be bent up 
at each end, and nearly filled with water, the surface of 
le water in one end will always be at the same height as 
the olher, however the position of the tube may 
On this [ruth depends the " Water level." It 
may be easily con- Fig. 40. 

structed with a 
lube of tin, lead, 

. by 

indingup, at right 
igles, an inch or 
two of each end. 
In these ends ce- 
ment thin Tiala, 
ritli their bottoms 
iken off, GO as to leave a free communication between 
ilhem. Fill the tube and the vials, nearly to their top, 
with colored water. Cork their mouths, and fit the inslru- 
by a steady but flexible joint, to a tripod. 
To use it, set it in the desired spot, place the lube by 
re nearly level, remove the corks, and the surfaces of 
water in the two vials will come to the same level. 
Xooking across them, we get the level line desired 
Ills of equal height, floating on the water, and rising 
ibove the tops of the vials, would give a better-defined fine. 
The " Spirit leveV consials essentially of a curved glaas 
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THE LOCATION OF ROAUS. 

tube filled with alcoliol, but 
with a bubble of air left . 
within, which always seeks L 
the highest spot in the tube, and will therefore by its 
inoTcments indicate any change in the position of the 
tube. To prepare the tube for use, it is placed with its 
convexity uppermost, and supported either in ablocli, or by 
BuspensLon ; and when the bottom of the block, or the 
sights at each end of it, coincide with some level line 
pretiously estabhshed, marks are made on the tube at the 
extremities of the air bubble. The instrument is llien 
ready for use ; for whenever the bubble, by raising or 
lowering one end, has been brought to stand between the 
original marks, (or, in case of expansion or contraction, at 
eqnal distances on either side of them) the sights will be 
on the same level line. 

When, inEtea.d or the siglita, a telescope is made pantile! to 
the level, and variaua conttivancca to increase its delicacy and 
accuracy are added, the inslriintent hecomea the engineer's 
apitit-levol, and is out of the reach of the unprofeasiona! read- 
ers for whom this volume is chiefly deaigned.* The aame i» 
the case with the " French reflecling level." 
By whichever of these various means a level line has 
been obtained, the subsequent operations in making use 
of it are identical. Since the "water level" is easily 
made and tolerably accurate, we will suppose it to be em- 
ployed. Let A and B represent the two points, the differ- 
ence of ilie heights of which is required. Set the instru- 
ment on any spot from which both the points can be seen, 
and at such a height that ihe level hne will pass above the 
highest one. At A let an assistant hold a staff graduated into 
feet, tenths, &c. Turn the instrument towanis the stafll 

rvoying, p. 14a 
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look iilong tlie level J 

line, and uole what 
division on the staff 
it strike B. Then 
send the staff to B, 
direct the instru- 
ment to it, and note 
the height observed 
at that point. If 
the level line pro- 
duced by the eye passes 2 feet above A and 6 feet 
above B, the difference of their heights is 4 feet. The 
absolute height of the level line itself is a matter of 
indifference. If the height of another point, C, not visible 
from the first station, be required, set the instrument so as 
to see B and C, and proceed exactly as with A and B. 
If C be found to be 3 feet above B, it will be 4 — 3 = I 
foot below A. If C be 1 foot below B, as in Fig, 43, it 
will be 4 + 1= 5 feet below A. The comparative heights 
Fig. 43. 
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ies cf any number of points, can thus be found ii 
reference to any one of them. 
The beginner in llie practice oE \e\e\\m^ to^'j sA^iist. 
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tagcously make in his 'field-book" askctch of ^lie heigLu 
noted, and of the distances, putting down each as it is 
observed, and imitating, as nearly as his accuracy of eye 
wiil permit, their proportional dimensions.* But when 
,the observations are numerons, they should be kept in a 
tabular form, such as that which ia given below. The 
names of the points, or " stations," whoso heights are de 
nianded, are placed in the first column ; and their heights, 
as finally ascertained, in reference to the first point, in tlie 
last column. The heights above the starting point are 
marked +, and those below it are marked — . Tiie back- 
sight to any station is placed on the line below the point 
to which it refers. When a back-siglit exceeds a fore- 
sight, their difference is placed in tlie column of "as- 
cents ;" when it is less, their difference is a " descent," 
The foliowing tabic represents the same observations as 
the preceding sketch, and their careful comparison will ex- 
plain any obscurities in eithec- 
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3.00 


6.00 
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— 3.00 



The above table shows thal'B is 4 feet below A ; that 
C is 5 feet below A ; that E is 1 foot above A ; and eo 
on. To test the calculations, add up the back-sights 



" In the Ggura, tlie llmila of tba pajB have maie it neoewiBry lo coo- 
tnci the horizcBtal dislaiicM to one-teath of Uieir praprr proporticinal dxs. 
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1 fore-sigfils. The difference of the sums should equal 
flie last " total height."* 

The level line obtained by any of these instrumeirta 
is a tangent to llie surface of the earth, and iherefore di- 
vei^s from the surface of standing water, which presents 
a curve corresponding lo that of tJie earth. The differ- 
ence between tlie lines of true and apparent level, is 8 
inches at the distance of a mile ; but since it varies as the 
square of the distance, it is very insignificant in sights of 
ordinary length, (one-eiglilh of an inch for a sight of one- 
eighth of a mile) and may be completely compensated by 
aetling the inslTumenl midway between the points whose 
difference of level is desired ; a precaution which should 
always he taken, when possible. If the ground renders 
sights of unequal length unavoidable, a balance should be 
struck as soon as possible, by adopting corresponding 
Uinequaiities in the contrary direction, 
■ The heights observed along the length of the road, which 
' 'give its " longitudinal section," should be taken at eveij 
change of slope ; and at every hundred feet, when the line 
is finally located. 

It is also necessary to take ihem at right angles to its 
length, in order to obtain the " transverse" or " cross sec- 
tions." These are required for the subsequent calcula- 
tions of the " cutting and filling," and to enable the cngi- 
neer to see what would 
be the effect upon these, 
of moving the line to the 
right or to the left. The 
right page of the note- 
I, is usually devoted, 
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in pait, to the cross-sections, taken in refeience to an; 
station, as B. In this example, on the right, the ground 
risea 10 feet in going out 30 ; on the left, it falls SO in a 
" distance out" of 50. 

These cross- sections should he taken at every change 
of longitudinal slope. At every change of slope trans- 
versely, single heights and "distances out" should be 
taken. The future calculations of cubical contents will 
be facilitated by observing the following rules : — 

1. Take a cross-section whenever either edge of the 
road passes from excavation to embankment, or vice 
versa, 

2. Wiien the road is partly in excavation and partly in 
embankment, ascertain the " distance out" at which the 
grade, or level of the base, cuts Uie surface of the ground. 

3. Take heights at each edge' of the base, i. e. at dis- 
tances on each side of the centre line, equal to the half 
widtli of the base of the road. 

4. Take the intermediate cross- sections at some deci- 
mal division of 100 feet. 

The Mountain Barometer is au instrument of great vtlao 
for the rapid determination, with approxitnate accuracy, of the 
heighlB of the leading paints in an extensive dietrict of conntry.* 

The temperature of boiling water auppliea another eaay 
meana of approiimalion. The degree of heal at which water 
boils diminishing as the height increases, tables have been 
constructed from observation, with the aid of which the height 
of a place may he calculated from the temperature at which 
water there boils. -f 



■ Sea Simma on Mathematical iDBtrumeiiU. 
t Sn raiiqun's Journal, 1S4G, pp. 134-^ 



4. MAPPINO THE SURVEY. 

;, directions, and heights of the dificrcnl 
irlions of the line having been ascertained, liiey are nexl 
be represented on paper, in such a way as lo convey to 
an instructed eye a complele idea of the ground over which 
the route passes. This idea will be as accurate as could be 
obtained from actual examination, and much more easily 
embraced by ihe mind ; the details being made subordinate 
to the leading features. 
The mapping of a line comprehends two disti 



tThe mapping 
incbes : 
1. The plot. 
2. The profile. 



THE PLOT OF A LINE. 



This represents the lengths and directions of the differ- 
ent portions of a line, projected on a horizontal plane, as 
they would be seen by an eye looking down upon them 
from a great height directly above them. If the lengths 
have been measured horizontally, as is usual, they wili 
require no farther reduction. Before commencing the 
plot, its "scale" must be determined, i. e., what propor- 
tion the representation ia to bear to the reality, or how 
many feet of the line each foot of the plot is to represent. 
If one foot of the plot represent 1000 feet of the hne, 100 
feet of the latter will occupy one tenth of a foot on tlie 
plot, and so on. Any convenient scale may be assumed, 
but must be carefully preserved unchanged in the same 
plot. The changes in the direction of the line, or the 
angles of deflection of its adjacent parts, may be most 
easily laid down, as explained on page 91, by describing 
an ac from the angular point wivh Ute saToa iaA.\\«i -asieA 



I 

Rer- ■ 



^ 



on the ground, (taken to ihe proper scale) and selling oS 
on the arc, as a chord the proper distance measured in 
like manner. 

If the deUcctioQ had been measured by an angular in- 
elrument, (which, howerer, the preceding meihgd dis- 
penses with) it would have been laid down on the paper 
by a " protractor," the most usual form of which is a 
Bmali brass semicircle, divided into degrees similar to 
those on the instrumenL. 

Upon ihc plot, it is usual to represent the hilts and val- 
leys ill the vicinity of the line ; but since ihey are supposed 
to be seen horizontally projected in a " map-view," as they 
would appear to an eye looking down upon them from an 
infinite height, they cannot be drawn wilh the rises and falls 
of the front vievir in which we usually see ihcm, but must 
be represented by some artificial and conventional method. 
They are accordingly supposed to be cut by a number of 
equidistant horizontal planes, and the horizontal " contour 
curves" of intersection to be drawn upon the map, the in- 
tervals between ihem being filled up by short hatchings 
perpendicular to tlie curves." Hills, represented on these 
principles, are indicated by numerous diverging lines, 
shorter, nearer, and heavier, in proportion as the hill is 
steeper, and vice versa. See the examples on pages 83-4. 

All water-courses must also be carefully represented on 
the plot ; and the nature of the surface, whether pasture, 
ploughed land, swamp, woods, &c., together with the de- 
tached objects upon it, such as liouses, mills, churches, 
&c., be indicated by certain arbitrary signs. For oui 
purposes they are not necessary, but may be found, if 
desired, in any topographical manual. 

■ For Tuller dstails, aee DaTiea' SurveyinE, 'Eastrzma'a Topography 
IPM'ania't Practical Geodesy, jtc. 



I This represents, to any desired scale, tlie heights and 
nlances of the various points of a line, projected on a 
"ertical plane. It thus gives a "aide-view" of its ascents 
and descents. Any point on the paper being assumed for 
the lirsi station, a horizontal line is drawn through it ; the 
distance to the next station is measured along it to llic 
required scale; at ihe termination of tliis distance a verli- 
cal line is drawn ; and the given height of the second sta- 
tion above or below the first is set off on this vertical line. 
The point thus fixed determines the second station, and a 
line joining it to the first station represenls the slope of 
the ground between llic two. The process is repeated 
for the next station, &c. 

Out the rises and falls of a line are always very small 
in p/oportion to the distances passed over ; even moun- 
tains being merely as the roughnesses of llic rind of an 
orange. If ilie distances and the heights were represent- 
ed on a profile to the same scale, 1 e la w uid b 
hardly visible. To make them more appa en s ! 
to " exaggerate the vertical scale" tenf Id mo 
to make the representation of a foot of 1 e 1 n n 
great as that of a foot of length. Take fo an e 1 
eiample on page 98, Let one inch p s n el 
dred feet for the distances, and ten fe 1 I h 

From A draw a horizontal line. M u e on e 

inch, representing one hundred feel of length. Thence 
draw downwards a vertical line. Measure on it four-tenths 
of an inch, representing four feet of height. This fixes the 
point B. Join A to B. This line AB represents the 
slope of the ground. Next, along the horizontal line, 
measure six-teiilhs of an inch farther, te'pte^fti\'OTi^'4vO,.-^\ac.\ 



afc\ i| 




of length. Measure on a -vertical line thence drawn, five- 
lenlhs of an inch, repreaenling five feel of height. This 
fixes C. Join C to B. Proceed in like manner for all 
ihe levels. 

The distances may be written horizontally in their ap- 
propriate places, and the heights or depths of the ground 
{above or below the datum line) vertically, along the 
lipRS which represent ihem, as in the figure. 



The grade of a line is its longitudinal slope, and Js 
designated by the proportion between its length and the 
difference of height of its two extremities. The ratio of 
these two quantities gives it its name, as we liave seen; 
the road being said to have a grade of one in thirty when 
it rises or falls one foot in each thirty feet of lengtli. 
When the " profile" of a proposed route has been made, 
a "grade-line" is drawn upon it (usually in red) in such 
a manner as to follow its general slope, but to average iu 
Fig. 46. ■ 




irregular elevations and depressions, as in the figure. Th« 
ratio between the whole distance and vKc heigjw \% vVvctv to 
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■ calculated. If, as in the figure, it rise 100 in 4000, the 
t^dc is one in forty, flatter than our assumed limit of one 
ill ihiriy, and the line will be a satisfaciory one, if on cal 
culalion it be found that the cuttings about eqnal lhe-fi!t 
ings. If either be much in excess, the grade is altered to 
equalize them, as will be explained under the next head. 
But if the grade be found steeper than the limit, as when 
it ascends the face of a hill with a rise of 100 feet in 
1500, or a slope of one in fifteen, either the hill must be 
cut down, or, which is generally preferable, the length of 
the hne must be increased so as to equal 100 x 30 = 3000. 
The best method of obtaining this increased length, or 
"development," (whether by a zigzag or by a single 
oblique line) will depend upon the manner in which the 
line meets the face of the hill, whether at right angles oi 
obliquely, and should be determined by geometric con- 
slniclLona upon the plot, such as those which follow, 
modified if necessary by the features of the ground. 

^^ Problem. To fii the pusition of a line joining two given 

^H_ puints, BO that it shall ascend with a given gtaile n slope 

^^K sleeper than this grade, and shall also be ihe ahotteat possible 

^^H^ line which will Tulfil this condition,* 

^^^^ Case 1. WJien the itraighl line joining the lico pointx Tr< 

^^^1 iiu slope at right angles. 

^^ Tig. 

I 




• Giyffiet, p. 13 



16 THE LOCATION OF ROADS. 

Let A nnd B be ihe gives puinta, and let the top and bottom 
lines of the slope to be ascended be considered parallel. Lei 
mn represent Ihe length which the road up the hill must hiive 
Id ascend with the proper grade. Join the given points hy a 
straight line, and between the points C and D, at which this 
line meets the lop and bottn.'n tine, establish a zigzag, of a 
Bufficienl naoibcr of turns to make its entire length eq^ual lu 
tnn, the " development" req^uired ; which in the instunce lust 
supposed would be 3000 feet, the straight Hue CD being only 
.1500. 

The road which aaccnds ihe Calskill mountain makes seven 
soch zigzags or tacks. Their angles should be rounded off by 
curves, as explained in a following article on " Final Location." 
At these curves the width of the road should be increased, as 
directed in page 45. 

Case a. When the straight line meets the slope obliguely, 
and the two given points are very distant from each other. 



Let A e toints. Between the lop and 

bottom lini _ i line mn at such a degree of 

obliiiuily as will make its length equal to Ibe development re- 
quired, which, in the instance supposed, is 3000 feet. The 
straight line AB would be loo sleep between C and E. There- 
fore from the point C draw a lino CD, iiarallel and therefore 
equal to ma Join DB, aad ibr line ACDB will be Um one 
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A. zigzag bel\uen ind E would gire 
eomparing tlie pans of the line tbus oblaint 
other, we find AC common to both ; the zigzag CE equal to I 
CD by construction ; and EB longer than DB, because farther 1 
fram the peipen die alar. 

above directed is merely approximately 

fectly BO only when the points A and B are 

ialinitely distant from each other. The si 

that which followa. 

CaseZ. When I he straight line meets the slope obliquely, and 4 

e tao givenpoints are near each other. 

From the given points A and B draw perpendiculars to the 
nearest edges of the slope. The line Joining the feet of these 
perpendieulars will be lees than, equal to, or greater than, the 
developed line mn, according to the aleepnesa of the slope, 
ftnd the det;ree of obliquity with which it is met by the straight 
line which j>iins the given points. Throe sub-cases, requiring 
different const rnctiotts, are thus formed. 



Bab-ciae I. Wlien the line joining the perpendiculars u 
I thartar than the developed line mn. 




From A and H draw AC and BD perpendicular to the otlgei 
ofthe slope. Join C and D by a zisiag line, equal in length 
to tke 'ievuloped Itae mn. Tten Wil\ \he \in« Vtoi' 



fulfil the conditions required ; the length, of the zigiag being 
equal to tbe neeBssa.rj length mn, and the lines AC and BC 
being perpendicular to tbe tnpand bottom of the hill, andlhere- 
fore the shortesl possible distances to it. 

. When the line Joining the perpendicular* ie 
ttfual to the developed line mn. 

Tig. SO. 





Draw the perpend cula a AC and BD, as before, and joia 

their feel by he 1 ne CD Then 11 the line ACDB be 
ehorlei than any o her I ne (as \C D B obtained by the con- 
Btruclion of Case 2) for AC and HD, being perpendiculars, are 
the ehorteat possible, and CD has a constant length, whererei 
it may be placed. 

A zigzag line from C to E woald not produce the shortest 
line, for the same reasons as in Case 3. 

Sub-case 3, When the line joining the perpendiculars it 
longer than the developed line mn. 

From A, Fig. 51, draw AE parallel and equal to mn. Join EB. 
From the point D (where (his line intersects tbe edge of lbs 
slope) draw DC parallel and equal to AE. Join uA. Then 
will ACDB be the sbortesi line required. 

For, AE, being equal In mn, cannot be shortened, and EB 
iaaMn^gAt iiM, and theMfen tin khoiMaL foauMa (ian, n it 
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consequently the whole line AEDB. But this line is in ths 
wrong place anil its parts requite to be transported parallel to 
lliemaclves By this operatinii is formed the line ACDB, 
which has all its parts equal to those of the former line, and 
which IS therefore Ihe shortest possible. 

It might seem preferable to adopt the direct line AB, and lo 
asfend the h II by a zigiag from F to G ; but this would nol 
give the shoriPBt line for VF and GB are longer respeolively 
than AC and DB, because farther from the perpendiculars. 

When the linea AC and DB, obtained by the construction 
above directed, fall beyond the perpendiculars let fall from A 
and B upon the top anil bottom of the slope, this result shows 
that this conelmction is inapplicable, and that the case is one 
in which it is proper lo adopt the perpendiculars, and to join 
them by n *igiag of the proper length. 

Caie 4. When boo neighharing Hopes are separated iy a 
heel space ; whether a valley, or a table'land on the lidge of 
a hill. 

Between the top and bottom lines of one slope draw the line 
tun, equal in lengih to the devialoped line with which that slops 
must be crossed ; and In like manner on the second slope, draw 
the line pq. 

Then friim A draw AE, parallel and equal to mn. From E 
ii»«]SI''paraJ]«] Mid equal Id pf. JMak^B. TV»Vafc k.'S.'e^ 



J 
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i« ihe shoiieBt line possible, uns as wiis AEB 

in the preceding sub-case 3. But its parts require to be differ- 
ently arranged without chinking their length, which is eHecled 
thus. From H draw HG parallel and equal to FE. From G 
draw GD parallel to HF, and terminating at the edge of the 
next slope. From D draw DC parallel and equal to £A. Join 
CA by a line which will be parallel to FK. This now line 
ACDGHB is equal to the former line AEFB, and therefore is 
the shortest line required. 

If the space between the two slopes was a Talley, in which 

there was a given point to be passed through, ae a bridge, the 

problem would divide itself into two others, such as have been 

solved in the preceding oases. 

Grades may be approximately estimated upon the 

ground, (without measuring distances and heights) by a 

shght addition to the "plumb-line level," described on page 

93. Connect the horizontal and vertical bars by oblique 

braces. To prepare it for use, depress or elevate the 

sights so Uiat ih&ir jine coiiicidea willv an &aceM m <\«i 
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acent of one in Uiirly, or any oilier grade pieviously estab- 
lished by lerelling. Mark the point at which the plumb- 
line now cuts the oblique braces. Do the same for other 
grades, the more varied ihe belter, and ihc instrunient 
will thus become a clinometer, or grade-measurer. When 
it is placed upon any slope, and its sights direcled to any I 
object (such as a target on a rod, or a paper in a cleft ' 
Etii k) at the same height above the surface as its upper 
edge, that division on the brace which is cut by the plumb- 
hne will indicate the inclination of the slope. The A level 
described on page 9-1, may be used in a similar manner, a 
scale having been ift the same way formed on the bar DE. 
An extempore clinometer may be made with a sheet of 
paper, a thread, and a pebbJe. ^iff- ^^ 

Take a slieet of paper of any ' 
shape, double it, and a straight 
line is formed ; double it again 
along tlic straight line, and 
four right angles are obtained. 
Cut out one of the right an- 
gles, and double it so as to 
bring the sides of tlie right 
angle together, and it will be 
bisected, forming two angles of 

45°. Fold this in three equal parts, and angles of 15" 
will be formed ; repeat the last operations, and angles of 
5" will be obtained. The subdivision may be carried as 
far as desired. To use the instrument, form a piumb-line 
by tying a pebble to the end of a thread, and attach it at 
the centre of the angles. Holding the right angle to the 
eye, if the grade be descending, or the opposite corner if 
it be ascending, turn the paper till its edge is in the line 
vrhicU ^sses from the eye to soote ob^ec^ a.1 <.W « 
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bcight above the surface. The plumb-line wiil then mdi 
cate the angle of ihe Elope. In the figure it strikes 5", 
equivalent, by the table on page 44, to 1 in 11. 

0, OAIiCULATIHG EXOAVATIOH AND EMBANEMEUT 

The proper grade-line having been thus determined, 
and drawn on the profile, (which shows the heights of the 
ground over which the line passes) the difFerenco between 
the height of the ground and that of the grade-line at any 
point, will of course represent the depth of cutting, (or ei- 
cavalion) or the height of filling (or embankment) as the 
case may be, at that point. This depth, or height, in 
feet and decimal parts of a foot, should be written in red 
figures (cotes rouges) at ihe proper points of the profile. 
With these, knowing also the intended width of the road 
and ihc inclination of the side-slopes, the cubical contents 
of the excavations and embankments, or the amount of 
" earth- work," may be accurately calculated. 

The cost of the road will depend in a great degree 
upon the quantity of the " earth-work" to be done, and 
may be greatly lessened by making the amount of exca- 
vation precisely equal to that of embankment, so Ihat 
what is dug out of the hills may just suffice to fill up the 
hollows. It is therefore very important for economy to 
calculate these amounts with accuracy before the final 
location of the line, so that if they are found to be unequal, 
the position and grades of the line may be changed to 
produce the equahty desired. 

This accurate calculation is necessary, after the final 

location, for another reason ; inasmuch as t!ie contractors, 

I who usually perform the work, are paid, not by ihc day, 

IT /Ji Oie lump, but by a ceruin prict per caUcjMd, vb» 
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lact determination of the number of which is therefore 
nquircd lo ascertain their jusi dues. "^^H 

[IMARV ARHAXOEMKNTa. ^^^| 

For calculating the cubical contents of the solid mass 
if earth cut out or filled inj four diiTerent methods are in 
comnion use. All four, however, require the same pre- 
liminary arrangements and preparations, which will there- 
fore be now given. 

Figure 54 is a plan (on a scale of BOO feel lo the inch) 
and figure 55 a profile (on a vertical scale of 80 feet to 
the inch) of an old line of road, which it is desired to im- 
prove by cultiiig down the hill and filling up the hollow, 
so as to form a single slope, with a uniform grade, from 
A to B." The distances between ihe stations arc written 
horizontally ; the heights of the ground above the datum 
fine are written along the vertical lines which represent 
them ; and at the extremities of these vertical lines are 
placed ihe numbers which represent the depths of cutting 
or filling at those points, and which are equal lo ihe dif- 

IEerenccs between ihe heights of the ground and of ihi^^ 
F* grade-line," or new road ^^M 

BECTIO-PLAKOGRAPHT. ^^H 

A method of representing the cuttings and filhngs upa^^| 
the plan, devised by Sir John Macncill, has been name<^^^ 



^K,from 



the plan, devised by Sir 
' Sectio-planographi/." Usually the plan and the profile 
are dra.wn separately, and when ihe former varies much 
from a straight line, it is difiicull for an unpractised 



■ S'mnm w Lnetling, Kxa. edition, ^ %\ 



Jit 



THE LOCATION Of 11041MI. 



ri£.5i. 



58l2 



l*l& 



CO 



.^.*8... 



'<»20. 



26.0 



O 

•-< 

w 



o\ 



;oi9 



-la 



ui 



-8. 



MllOlo 




EXC iVATlON A\D EMBANKMENT. 

B to discover the corresponding puinis 
the plan and' proliie ; as ihe latter 
is formed by placing all ilie distances 
along a straight base line, and tliercfore 
fills a longer space than the winding plan ; 
and as the two are also frequently drawn 
far apart, or even on different sheets. 
In the improved method, the depths of 
cutting and of filling at each station are 
set off on one side or the other of the 
plan of the line, as laid down upon the 
map, so that all the information desired, 
with regard to , any portion of the line, 
may be found on that very spot. The 
accompanying figure shows its applica- 
tion lo the preceding example, the " plan" 
of which has been intentionally made 
very winding. 

To make the distinction more striking, 
the cuttings may be shaded with lines 
perpendicular lo the line of the road, and 
the fillings with lines parallel to it ; or 
the former may be colored red, and the 
latter blue.' 



TABULAR ENTRIES. 



The data of the profile, with those 
deduced therefrom, should be presented 
ID a tabular form, such as that which 'bl- 
KJpws, and which refers to figure 55. 



See Sinmii on SscLia-PLiiuof^^li^. 
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4219 


36.0 



The _fir5( column dontains ihe nuirncr of the station, oi 
point, the height of wliich above the datum line is con- 
tained in the third column. The second column records 
the distances between ihe stations. 

The fourth column shows the rise or fall of grade for 
each distance, obtained by a simple proportion, the whole 
distance and difference of height being known. Thus, 
- 4219: 561 : : 36 : 4.8. 

The _fiftk column shows the height of the grade line, 
i. e. of the road as improved, above the datum line at each 
alation. The numbers in it are obtained by subtracting 
successively ilie fall between two stations, as recorded in 
the fourtli column, from the height of the grade line at llio 
preceding station. Thus, 46 —4.8 = 41.2. 

The sixth and seventh columns show the depths of cut- 
ting or filhng at any station. They are the differences 
between the height (from column 3) of the ground at any 
station, and the height of the grade-line (from column 5) 
for the same station. 

Tlie station (No. 4) at which the cutting ends, and the 
filling begins, is called a " Point of Passage." 
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^ With these data the calculation may bt" commenced, 

i the end areas — or middle areas, or both, according 
"to the method adopted — be sought, and the cubical con- 
tents thence deduced. The details of these calculations 
are of great importance to the practical engineer, but oc- 
cupy so much space, that ihey have been transferred lo 
the Appendix. The following are their results. 

"Averaging end areas" is the most usual method of 
calculation in tliis country, but gives a result which al- 
ways exceeds the correct amount, in a greater or less de 
gree, according to the inequality of the end areas. In the 
present example, its error in excess is 10,000 cubic yards, 
which amount, beyond what was justly due for the work 
done, would be paid by a company or town by which 
this improvement should he made, if their engineers 
should adopt this method of calculation. 

The calculation by "Middle areas" gives an amount 
which /cHs short of the true one, by a deficiency equal to 
exactly half of the excess of the preceding method. 

" The Prismoidal formula" alone gives the correct 
amount ; which, in this example, is 3,200,968 cubic feet 
of excavation, and 1,541,152 of embankment. 

The fourth method, by "Mean Prt/portionah," gives 
a result always less than the true one, and exceedingly 
erroneous when one of the end areas is nothing. 

The substitution of the correct Prismoidal method for 
the erroneous ones which are so frequently employed, is 
demanded by every consideration of accuracy, economy, 
honesty, and justice ; and the full calculations in the Ap- 
pendix show that ihe additional labor required is too tri- 
fling to be a reasonable obslacle. 
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When ihe quanlity of excavation on any given porlion 
of the road exceeds that of the embankment, the excess 
is called " Surplus,'" and must be deposited, npon the 
adjoining land, in masses called " Spoil-banks." 

When the excavation is insul&cient lo make ihe em 
bankment, ihe deficiency is called " Wantage," and must 
be supplied from extra " Side-cuUings" in the neighbor 
ing fields. 

Both these cases are expensive and otherwise objection 
able ; it is therefore very desirable lo make the excavation 
and embankment "balance" each other, so that the earth 
dug out may just sufSce to fill up the hoUovps. If the 
calculations show much disparity in the two amounts, the 
location of the line must be changed in some way, so as 
to eifect the desired equality. 

This equalization must, however, be restrained within 
certain limits ; for it should evidently be abandoned, when, 
in order to find sufficient excavation to make the embank 
meni, it would be necessary to go to such a distance that 
the cost of transport would exceed the cost of making 
side-cuttings for the embankment, and of depositing the 
distant excavation in spoil-banks. The comparison oi 
the price of transport with that of excavation and of land, 
will therefore determine the distance within which the 
balancing must be established. 



SHRINHAGE. 

The equality recommended must be taken with an im 
porlant qualification, dependent on the fact tl 
mnsferred from excavation to embankment shrii 

npressed, so as to occupy, on the average, 



: earth 



e-tcKlh 



less s[iace in bank llian it did in its natural stale, 100 cu 
bic yards " shrinking" into 90. 

Rock, on the conlrary, occnpics more space when bro- 
ken, its bulk increasing by aboat one-!ialf. 

In experiments made on a large scale, by Ellwood 
■orris, C. E.,* ihe shrinkage of light sandy earih was 
f of its Tolume in excavalion ; of yellow clayey earth 

; and of gravelly earth j'^. The increase of hard 
sandstone rock, quarried in large fragments, was t's of its 
volume in excavation ; and of blue slate-rock, broken into 
small fragmenis, y'^. 

Upon some of the public works of ihe state of New 
York, ihe usual allowance has been for the shrinkage of 
gravel and sand 8 per cent. ; for clay 10 per cent. ; for 
loam 12 per cent. ; for mucking, or surface soil, 15 per 
cent.; and for clay "puddled" 25 per cent. The in- 
crease of bulk of rock was taken at one-third, or some- 
times at one-half; though some experiments showed that 
one yard of slate-rock made from 1.75 to 1.8 cubic yards 
of embankment. 

These considerations lead us lo modify the require- 
ments of equality in the excavations and embankments, 
Itnd to adjust them so that the former shall exceed the lat- 
irby about 10 per cent. 



We will now take up ihe example on page 114. 

ich we find the excess of ihe excavation over the etil-' 

nnkment, or its " surplus," (according to the correct cal- 

plation, of which he result is given, on page 117) lo be 

6 cubic feel. We must therefore change the grade, 
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BO aa to lessen tbe excaTation, and increase the embank- 
ment, till the former exceeds the latter by only one-tenth of 
itself. The grade line AB (figure 55) might be raised either 
at A or at B. The latter is preferable, since it will increase 
ihe gentleness of the slope. The height which it should 
be raised at B might be calculated in advance, but the 
comphcation of the resulting formula is so great, tiiat it 
will be better to assume some height, (which an expe- 
rienced eye can do with considerable accuracy) and hav- 
ing found, by a simple proportion, the changes in the cut- 
tings and fillings at each station, to recalculate the whole 
cubic contents. If the desired difference has not been 
attained in the result, it will at least be a guide by which 
a second assumption can be made with a very close ap- 
proximation to precision. 

Consider the grade to be raised three feet at atation 7. A 
proportion between the num of the distaacea from slalioD 1 to 
7, and that to any other atation, will give the change of cutline 
or filling at that station. 

For Btalion 2, 4219 : 561 : ; 3 : 0.4 

" " 3, 4019 : 1419 ; : 3 : 1.0 

" 4, 4319 : 2344 : : 3 ; l.G 

" " 5, 431B : 3064 ; : 3 : 3.3 

" " 0, 4319 : 388U : ; 3 ; 3.8 

The place of alalion 4, i. e. the " Point of pisaage," ia 
changed by the dcvalion of the grade line AB, and removed 
towards station 3, to some new station 4' ; aee Fig. 57. A 
problem here preaenta itself, to find the distance between tbe uld 
and new points of passage, knowing Ihe slope of the grade and 
that of the ground. Call the former m lo 1, and the latter 
tt lo 1. Let the elevation of the new grade line above the old 
point of pasaage= A feet; and the distance required ^ d. 

An inspection of the figure shows that the beigbia of the 
two right-anghd triangles, whose iiasea are d, are respeoliveif 





- ind — . It is also eTidenl that - = h A ; whence b olhj 

lained the general formula, 



In the present ease (see table on page 116) m := 

138 X 31 
:.3l; and i = 1.8 X -—— ^- 



4319 



I" S3.fl— 3G, 
The new station 4' is therefore distant from slation 3, 
B25 — 65 = 760 feet, and from station 5, 820 + 65 ^ 885 feet. 
Adopting these new distances, and changing the cuttings and 
fillings in accordance nith the elevalioni of grade obtained bj 
the proportions on the preceding page, tbe^ will stand tha« : 
: 
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The calculations being repeated with these data, it wil bo 
fiiiind that the excavation will amount to 2,04B,O0O cubic teeA^ 
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)tnd the embankment to 1,980,000 ; an apparent BDrplna ol 
68,000 cubic feet ; but sinoc, in oriler lu allow for the ehrink- 
age, iheie sliould be an exacts of i)05,D00, it appears that there 
is really a Wantage, and that the grade has been raised loo 
much ; so that an elavalion of only 2} feet at B would probably 
produce the desired balance. 

TRANSVERSE BALANCmQ. 

When the road lies along the side of a slope, so ihat it 
tfl partly in excavatioa and partly in embankment, it is np 

rg 58 




cessary so to place its centre line, lliat these two parts ol 
its croas-seclion may balance. When the ground has 3 
uniform slope, the desired end would be obtained (if the 
side slopes were the same for excavation and embank 
ment, and if no " shrinkage" existed) by locating the cen 
Ire hne of the road on the surface of tJie ground. In other 
cases, as when the side of the excavation slopes 1 to 1, 
and tJiat of tiie embankment 3 to I , a formula to determine 
the position of the centre line of the road may be readily 
est a Wished. 

If earth be wanted for a neighboring embankment, the 
amount of excavation may be easily increased by moving 
the road farther into the hill, with the additional advantage 
of lessening its liability to slipi The line may be thus 
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chaoged on ihe map, according to the notes of cross' 
■ecliona in the level book, and be subsequently moved, bj 
a corresponding quantity, on the ground. 

When the slope of the ground is very steep, the tran»- 
verse balancing must be disregarded, and the road mads 
chiefly in excavation, to avoid the insecurity of a high 
embankaient, as will be explained under " Construction." 



DISTANCES OF TRA.VSPOaT. 

I'Tbe aqttaiity of the masses of excavation and embank 
I not ihe only consideration. The distances to 
which it is necessary to transport the earth which is 
moved, must also be taken into the account. Suppose 
It a mass of earth, whose surface is ABCD, ia to b« 




removed to the embankment whose surface is EFGH, and 
which has a thickness sufficient to make the two masses 
equal. The meait distance of the transport is required. 
Conceive the mass ABCD divided into a very great num- 
ber of smaller masses. The sum of the products of these 
portions, by the distance which each of them is actually 
moved, will equal the product of the sum of the portions 
(i. e. of the whole mass) by the mean distance. The 
mean distance therefore equals the above sum of products 
iivided by the whole mass." 
In such cases as usually occur on a road, in which tha 



fcubea of excavaiion and embankment are comprised be 
tween two paralie! planes, wliose horizontal traces are 
ABEF and DCHG, and in which sections made by other 
planes, parallel to the first, cut off equal partial volumes, we 
know, from the principles of mechanics, that the mean 
distance desired is equal to the distance of the centres of 
gravity of the two volumes. In the simple example above, 
the mean distance of transport would be the distance be- 
tween the centres of the two rectangles. 

The methods of apportioning the excavations among 
different embankments, which ought to be adopted in more 
complicated cases of various distances of transport, in 
order to attain the minimum of labor and expense, will be 
considered in the next chapter, which treats of actual 
" Construction." 



7, ESTIMATE OF THE ODST OF A BOAD. 

A minute and careful estimate of every possible source 
of expense in the construction of a road, is a very impor- 
tant element in determining its location. The principal 
items are the Earthwork, Land, Mechanical structures. 
Engineering, and Contingencies. 

EARTHWORK. 

The amount of " Earthwork," or excavation and em- 
bankment, is supposed to have been determined by the 
preceding calculations. Its cost per cubic yard depends 
on the wages of labor, the quality of the earth, and tfie 
distance over which it is moved. 

Wages. The daily wages of an ordinary laboring man 
vary of course wilh the locality and the season, and rangs 
from no cents lo «1 25, In making the eslimale, it mm 
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not be overlooked, that if wages are at that time unuc 
low, they will be likely to rise, if the work be so 
in amouDt as to make the demand for labor exceed the 
supply. 

Qualify. The amount of labor required, for breaking 
up and removing any given volume of earth, vril! of course 
depend upon its degree of compactness and cohesiveness, 
wliich is termed its " quality" This is estimated by the 
proportion between the number of picks in use, and the 
number of shovels which these picks will keep conslantiy 
employed. Thus, if the earth be so loose that it can be 
shovelied up without being loosened by the pick, it is 
called " earth of one man." If it be so hard as to require 
one picker, or "getter," to be constantly employed, to keep 
one shoveller, or " filler," at work, it is called " earth of 
two men." If one " getter" can keep two " fillers" busy, it 
is " earth of 1 J men ;" its nomenclature being formed by 
dividing the total number of men employed by the number 
of volumes of earth removed. The "quality" of earth can 
bo accurately determined only by actual experiment, though 
it may be estimated with tolerable precision by an expe- 
rienced eye. In deep cuts, borings should be made, or 
shafts sunk, to ascertain tiie nature of the lower strata. 
In this examination a knowledge of the geological ar- 
rangement of the district will be of great assistance. 

An average laborer can shovel into a cart, in a day ol 
ten hours, from 10 to 14 cubic yards, measured in the 
embankment, of earth previously loosened with a pick or 
plough. Of hard and firm gravelly earth, or gravel and 
clay mixed, he can load 10 cubic yards ; of loam, (sand 
and clay) 12 cubic yards; and of sandy earth 14 cubic 
yards.* To loosen the earth will cost from 1 to 8 cenM 
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per cubic yard ; the hardest earth requires to be picked 
the others may be ploughed ; and some sandy earth doei 
noi require any looseniog, but may be shovelled up at 
once. At wages of one dollar per day, the cost of shov- 
elling into a carl would therefore be from 7 to 10 cents 
per cubic yard ; to which the cost of loosening must be 
added. If it were "earth of two men," it would cost 
double. The excavation of rock will cost from 50 cents 
to $1.00, according to its hardness, end lh.e disposition of 
its seams. 

The following table shows the number of cubic yards 
which can be loosened, loaded, &c., by an average la- 
borer, in a day of 10 hours." 
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I The COM ,■*( cubic yard of each kind of labor will be 
iily obtaiiieH by dividing ihe days' wages by the num- 
hc. of cubic yaida in the lable. 

Vhe cost of throwing with the shovel is usually one- 
thin' '■f that of digging up. 

Frov»90 to 120 aquinj yards of surface of embanlt^ 
ment c^\^ be " trimmed" ir i day. 

WiicT 'ho net cost of performing any work has been ' 
ascertain^'!, one twentieth of 't should be added for the 
cost of tools, superintendence, ice. ; and one tenth of the 
whole for the profits of the conlr^ctor. 

Distance. The third element in the price of earthwork 
13 the distance to which the excaviii't'iis must be removed. 
If ibc road be on a side-hill, and he <o located thai the 
escavalion from itj upper side can be it once thrown over 
to niiike the embankment on its lower ride, the cost will 
be little more than ihat of the simple excavation. But 
usually large amounts of earth require to be removed con- 
siderable distances, with great increase of e.ipense. The 
methods to be employed will vary with the circumstances 
of [he case, as will be espliined under the head of " Con> 
stractioa." 

The comparative cost, per cubic yard, (according to 
experiments made at Fort Adams, Newport, R, I.) of ex- 
cavating earth, and removing it to various distances, with 
wheelbarrows, one-horse carts, and os-carts, is given by 
the following table, which includes tiie cost of loosening, 
filling, and dropping ; and estimates a laborer's wages al 
$1.00 per day of 10 hours ; a horse, cart, and driver, at 
81.34 per day of 9 hours; and an ox-team and driver 

l.CO per day of 9 hours. The earth was ploughed up 

a cost of I ceot per cubic yard. 
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From the preceding table it appears, ihat, with its data, 
llie cost, after loading, of removing the earth 100 feet, 
was, in barrows, 4.43 cents per cubic yard ; in one-horse 
carts, .66 cent ; and in ox-carts, ,56 cent. 

Some accurate experinncnts on the Birmingham and 
Gloucester Railway* make the cost in barrows, per IOC 
feet, at ftl.OO per, day, 'gV ~ 3.4 cents ; the experiments 
of M. Ancelint give y/ to \%' = 3 lo 5 cents ; the Ameri- 
can translator of SganzinJ 'yV = 5y cents. 

It is usual in barrow-work, to consider any vertical 
transport of the earth as costing eighteen times as much 
as tiie same number of feet of horizontal distance ; ibongli 
from accurate experiments it seems that the ratio should 
be as 24 to 1 for barrows, and as 14 to 1 for horae- 
carts.^ 
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\ The cost of transport by any tneihod will be eipresseil 
jr the tbrtnula — 

P (2D + d) 
L xC"" 
price of day's work of the vehicle and iU 
driver. 
D = mean distance of Iransport, 
d = distance which could have been gone over 
in the time consumed in each filling and 
emptying. 
L = the distance which would be gone over in 
a day by the vehicle, proceeding without 
interruption at its average pace ; usually 
between twenty and twenty-five miles, 
or between 100,000 and 130,000 feet. 

cubic contents of the load, expressed 
in fractional parts of a cubic yard. 
lfP= 134, D = 1500, d ^1000, L = 100,000,andC = l, 

- , , 134(3000 + 1000) ,^. , , 

le formula becomes - — -^ „ „ t- ; — = 10.7 cents." 

11)0,000 X J 

The complete cost, with one-horse carta, of excavating 
earth, transporting it, and forming an embankment, is very 
completely expressed in a formula enunciated in the Jour- 
nal of the Franklin Institute for September, 1841, by 
Ellwood Morris, C. E. 

The average pace of a horse carting embankment is 
taken at 100 feet of trip, and back, per minute ; and the 
time lost in loading, dumping, fee, at four minutes per load. 

For the variable quantities the following symbols are 

iployed : — 

number of feet in the average haul, or " lead," of 
the embankment. 

* For ■ tuble thus ca ulaterf, am HulMts, p- 91. 
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ft ■= fiiimber of hours worked per day. 

c = daily wages of laborer, in ceuts. 

d= " " cart, including driver and all ex 

pGDScs of carting. 
e = cost of loosening materials, in cents, per cubic 

yard ; ranging from one to eight, as slated on 

page 125. 
f = number of can-loads required to form a cubic 

yard of bank. Usually 3 on a descending road^ 

3J on a level, and 4 on an ascending road. 
g = number of cubic yards which a medium laborer 

will load into a cart per day, ranging from ten 

to fourteen, as stated on page 185. 
"Hien the minutes in the day's work = 60 i ; 

The minutes consumed in each trip — ■— — ; 

The number of trips, or loads ha-iled per day, is 
606 



The number of cubic yards hauled per day, is 



P 



The cost of hauling, per cubic yard, is 

,. 606 1(t5o + *) „, 

Adding lo this the cost of excavation = — , that of 

Wsening = e, and that of trimming = 1 cent, we obtain, 
for the told cost «f a cubic yard of embotikment, 






[B]. 



Itpplying it lo an actual case, in which a = 1000, 
c = 125, d = 175, e = 2J, /= 3i, S" = 12, J 

the formula [A] for the cost of hauling, becomes — 



and the formula [B], for tlie 
embankment, becomes — 



total cost of a cubic yard of J 



12 



+ 14.3 + 1 =28.2 cents. 



The actual cost, with these data, on an amount ol 
22,000 yards, was 27.9 cents, differing from the calcula* ■ 
lion only three-tenths of a cent ; and on a total amount of 1 
150,000 yards, the .-ictual and calculated costs in no cas»'| 
differed more llian one cent. 

An easy approximate rule for the average cost of haul- 
ing one cubic yard any distance on a level, with such 
carls and rates of travel as Uiose above referred to, may 
De deduced from formula A : — 

For 300 feet divide the wages of cart and driver by 24 
500 " " ". 19 

1000 " " " 12 

1500 " " " g 

2000 •' " « .y 

2500 " " " fi 

3000 " " " 5 

The greater the distance of the haul, the less is the J 

proporlLonal_co3t, m consequence of less time being loitt ] 

m filling and dropping. 
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In excavation and embankment with the scraper or 
scoop, (the use of which will be explained under the head 
of Construction) the number of cubic yards moved per day 

of ten hours, a distance expressed by o feet (adding vertical 
4200 



scraper and driver be denoted by c cents, and cost of loosen- 
Wlim 



- , , , ,. J _, , cft(+93i) 
ing by a, the cost per cubic yard =d-\ ■ ■ - ' 



a = 55, c = 275, and d = 1. the cost becomes — 

When an anhankment is made of carlh carried beyond 
a certain distance, (usually 100 feet in the direction of the 
length of the road) it is paid for twice ; once as excava- 
ifon and once as embankment, according to prices previ- 
ously stipulated ; but when carried less than this distance, 
(as when thrown from the upper 1 u the lower side of a road 
which is half in cutting and half in filling) only one price, 
that of the excavation, is estimated for ; and llie amounl 
of embankment in this situation must be subtracted from 
the total amount, before multiplying this by the embank- 
ment price. If a portion of an embankment is required 
to be made of some pecuhar material, which can be ob- 
ained only from a greater distance tiian the other materials 
'.f the bank, a separate and higher price should be estima- 
ted for it. 

In our estimate, thus far, we have determined only tlio 
cost of the excavation and embankment. 

The land to be occupied by the road is another impor 
lant item. The quantity lo be taken having been calcii- 



nal o! Franklin Inetitule. October, 1841. 
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Iau»l, with due nlJowance for the extra widlh of tha j 
cullingB and fillings, is to be reduced Id acres in agricul* 
tural districts, and In square feet in towns and villages 
Its value, if not settled by agreement, must be detei rained 
by appraisers, who are, however, naturally loo much in- 
chned to favor the interests of private individuals to th«J 
prejudice of the company, or public body, which coo- 1 
stitutes the opposite party, aubjecling them to the pay- 1 
mcnl of extravagant compensations. 

The cost oi fencing will vary with the locality. 

The mechanical structures, as bridges, culverts, &c, if 
numerous and large, add greatly to the cost of the road ; 
but, if important, must be confided to a professional engi- 
neer. 

The stonework is usually paid for by the cubic yard,'! 
but in some parts of the country by the " perch," of 26 ^ 
cubic feet.* Wood is paid for by the cubic fool, 
"solid measure," when no one of its dimensions is as 
small as some conventional limit, which is usually 4 
inches ; but " board measure" (one-twelfth of the former) 
employed when the wood is 4 inches, or less, in any of 
its dimensions. " Running measure," referring to length 
only, is used for simple constructions, which have small 
and regular cross-sections, as ditches, piles, &c. 

The Engineering expenses, including laying out, super- 
intendence, office-work, &.C., are usually estimated at 10 
per cent, upon the amount of the olher items. 

Every possible source of expense should be taken into 
the account, and an ample price for each allowed ; but, 
finally, at least 10 per cent., upon the total amount, must 
be acided for Contingencies. 

* Mora precinely 34] frst, lU itandard boing ■ rnbUs nail, I6i feet 
long, Mid 18 iactin iblch. 
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E^ren then ihe aclual expense will generally exceed ihe 
eetiaiate.* Por this opprobrium of the engineering pro- 
fession there are many causes. 

The price of labor, as the work proceeds, particularly 
if it be one of magnitude, may rise far above what it was 
at the time of the estimate. 

In a deep cutting, rock may be found, where earth was 
expected, and the cost of that part of the excavation wiH 
therefore be increased tenfold. 

Many improvements in the plan of the work are sug- 
gested and adopted as it proceeds ; almost always with an 
increase of cost. 

Finally, it must be confessed that many incidental ex- 
penses, trifling in themselves, but considerable in iheir 
aggregate, rarely fail to be overlooked in the original es- 
timate. 



B. FnTAL LOOATION OF THE LIH£. 

When the preceding operations of measuring, mapping, 
and calculating, have been performed upon each of the 
various lines of communication between the two extremi- 
ties of the route, which have been considered worth sur- 
veying, their relative merits are to be examined. One 
may be shorter ; another more level ; a third may require 
less earthwork, and so on. The good and bad points of 
each route are to be compared by the principles laid down 
on pages 68 and 69, and that one adopted which will en 
able the most labor to be performed on it with the least 

■ On the twenty principal lailroELda in England, the average proporliiu 
of the aclual cost to lliu origmal fU>(imato was as 3} la 1. T)io IcDSl va- 
i «>■ 63 pel oenl cxoew ; in Ihe giesteil, the co8l hbi sauly ni 
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number of horses, provided tlic expense of ibs construc- 
tioo &1I within the limiu established by calculation, or by 
neceesity.* The persons who are to make the selection 
and decision should have before them, 

1. A general map of the localities. 

2. A profile of each line. 

3. Cross- sect ions at short intervals. 

4. The calculations of escavation and embankment. 

5. Drawings of t!ie bridges, culverts, &c. 

6. Specifications of all the works. 

■ 7. 4mounts of stone-work, limber, &c 
i8. inalysis of the prices of each. 
9 Estimate of coat. 

10. Estimate of revenue. 

11. Descriptive memoir. 

The final location of the line adopted is then to be ■ 
laade. It consists chiefly in — 

1. Rectification of the straight pcffiions of the tine 
S. Laying oat its curves. ^ 

»&. Staking out its side-slopes. 
RECTIFICATION. 

The minor irregularities, bends, and zigzags of the hoo 
(caused in part by the transverse balancing) may often be 
removed by substituting for them one straight hne, which 
will be the average of their deviations on either side. A 
dagstaff being placed at one end of the line, an observer, 
at tlie other end, by signals directs assistants to place " in 
line" the rods which they bear ; and the points thus found 
are marked by stakes, which are usually driven at every 
hundred feel. In the case of long lines, through a coun- 
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try of forests, the use of the compaas, or some other angu- 
lar instrument, is almost indi ape n sable, for it is sliil an un- 
solved problem in engineering, how, without the aid of 
these, the Romans attained the wonderful etraightness 
with which they carried their roads over thickly- wooded 
hills and valleys, with such lofty disdain of the effects of 
gravity. 

Fig. 60. 




When a hill rising between two poiiil's, as A and B, pre- 
vents one being seen from the other, two observers C and 
D may place themselves on the ridge, as nearly as possible 
in the line between the two points, and so that each can at 
once see the other and the point beyond. C looks to B, and 
by signals puts D " in line." D then looks to A, and puts 
C in line. C repeats his operation, and so they alter- 
nately " line" each other, continually approximating to the 
straight line between A and B, till tliey at last find them- 
selves both exactly in it. 

When a wood, or some such obstacle, intervenes between 
the two points, as in Fig. 61, a different method must be 
adopted. The direction from A to B not being exactly 
known, leaving a rod at A, set up another at C, as nearly in 
the desired line as possible. Go on as far as the iwo rods 
at A and C can be seen, and set up another at D, " in hneV 
with A and C Gc on beyond D, and place another rod 
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E, iri line with D and C ; and so proceed, producing the 
slraight line lill it arrives at "L, opposite B. Measure the 
distance ZB, and move tlie stakes C, D, E, &c., towards 
the Uue line by a quantity proportional to their distances 
from A. Thus if AZ be 1000 feet, and ZB, the final 
divergence, be ten feet, a stake C, 200 feet from A, 
should be moved two feet to C, in order to bring it into i 
the true line AB j and so, proportionally, with the rest. 



The angles, which are formed by the meeting of the J 
Biraight lines established in the approxiTiiate location of i 
the road, must be rounded by curves, to which the straight I 
lines must be tangents al their points of junction. 

On every curve there is an unavoidable loss of power 
in the deflection of vehicles from the straight line v 
all bodies in motion tend to follow ; and there is danger 
from the effects of the centrifugal force. The resistance 
is inversely as the radius of the curve, i. e., greater as the 
radius of the curve is smaller; for the force required to 
draw a carriage around a curve may be considered as 
composed of two portions ; one equal to the force which 
would he required to draw it over a straight line of the 
same length as the curve, and the other dependent on th 
additional power necessary, at each instant, to draw i 
into the curved line from the tangent in which it tends to 
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more. A certain amount of force being required to pro- 
duce tlie entire change in direction, the smaller the radius 



for the exer- 
t must therefore 
increase of labor 
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of a curve, the less space and time is gi 
cise of this force, and a larger share of i 
be exerted at each moment, with a great 
and danger. 

It is therefore very important that every road-curve 
slinuld have as great a radius as possible. It should 
never be less than one hundred feet. 

When a curve is necessary upon a steep grade, the in 
clination should be flattened at that place in order to com- 
pensate for the additional resistance of the curve. On 
this account a zigzag line up a hill is more objectionable 
than an oblique ascent by a straight line. 

The curves which are employed to unite straight lines 
are usually either circular or parabolic arcs. 



Having given two 
straight lines meeting 
at C, (or which would 
80 meet, if produced) 
it is required to mark 
out on the ground axi 
arc of a circle to which 
these lines shall be 
langents. 

The simplest mode 
for an arc of small ra- 

Jius would be to find the centre, by erecting perpendicu 
lars to the tangent lines at equal distances, A and B, from 
their point of meeting C. The intersection, O, of the 
serpendiculars would be the centre, fr<»ii whidi the ore 




ought be swept with a cord of proper length. But 
ctUTCs are often employed with a radius of rnie or more 
miles, eo that this method would seldom be practicable 
The curve must therefore be traced independently of its 
centre. 

In practice, instead of a circle, a polygon is marked 
out, with sides or chords each one hundred feet long. 
Stakes are set at the ends of each of these chords, and 
are therefore in the circumference of the desired circle. 
The chords themselves, in circles of large radius, will 
nearly coincide with the arcs. 

The question is now, in what manner to fix the position 
of these chorda. Two methods are in common use ; one 
by " angles of deflection," and the other by " versed 
sines." The former is generally employed upon railroads, 
hut requires the use of an angular instrument.* The 
latter dispenses with this, aud is therefore the one which 



will be here explained. 
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The staiions are supposed to be at equal distances 
(each of which is usually a chain of 100 feet) and the 
versed sine to be given, or to have been found by trial. 
Assume it at two feet, and let station 2 be the point at 
which the cuve is to begin. From station 3 measure in- 
ward, towards the centre, half the versed sine (or one 
foot) lo 2', and place there a rod. Stretch out the chain 
from 2, and bring its farther extremity into the line of S 
and the back station 1, and it will fix station 3, at which a 
stake is to be driven. From 3 measure inward the full 
versed sine to 3' ; draw on the chain till its extremity is in 
line with 3' and 2, and it dxes station 4. So proceed, 
measuring inward the full versed sine, at each station, till 
you arrive at the station (5, in the figure) where it is de- 
sired to end the curve, and to pass off on a tangent. 
There only half the versed sine is to be used. Station 6 

is thus found, and the line 5 6 gives the direction of the 

final tangent, as 2 1 gave that of the initial one. The 

staiions 2, 3, 4, 5, thus found, will be points in the cir 

cumfcrence of a circle to which the hnes 1 2 and 5 8 

are tangents. 

To find approximately intermediate points, measure 
outwards from the middle of each chord, a secondary 
versed sine = one fourth of the original versed sine. If 
more points are required, measure from the middle of the 
new chord, a tertiary versed sine = one fourth of the 
secondary one ; and so on. 

The versed sine has been thus far supposed to ba 
known. To calculate it from the angle of two meeting 
lines, the following problems are required. 

Problem I. To find the radius of the circakr aio which 
•might ilDCB meeting at a gireo angle, tbe dltlanca 
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fiiai their 

to the initial and Goal 
points of tlie curve 
heiag aJso given. 

In Ggnre 64, ACB 
i* iho given angle, and 
A aod B the initial 
and final pa in la, at 
equal diatancea from 
Ibe point of inteiaec- 
lion. The triangia 
CBO, rigliUangled at 

tan. BCO X BC . 



The Teqnired radiui 
unity) of half the given angle, 
maltiplied by the distance from 
Ibe intersection to the begiuning 
, ot ending of the curve.* 

Proitem 3. To Und the verged 
sine, having given tlie isdiua. 

Given the radios OA or OF, 
and any two equal chorda, AE, 
«nd £F, required the vened 
eED. 




AI)' = AO'- 



- ED)' : 



^ AE> — AD" 
= AO' — (EO- 
= AO* — (AO — ED)' = 
= Aff — A0» + 3A0 . ED — ED" = SAO . ED - 
.■.ED' = AE' — 3A0 . ED + ED' 
2A0.ED = AE' 



ED: 



AE' 
'sAO' 



., the versed sine is equal to the square of the chord, di- 
t vided by twice the radius. When AE := 100 feet, the verseil 
is equal to 5000 feet divided by the number of feel in lh« 

, • AC juid AB being kno'wn, Ba4>hs 0&. = - — ^^^ — 
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et, ihe reraci} Biae equals 2178 



N 
» 



radiua. Whan aE = 66 
feet divided by the radius. 
When the lines, which are to be united by a curve, do 
nol actually meet, the angle which iheir directions form 
may be readily calculated ; but after a little practice it 
will be easier to asauiiie some versed sine ; to run a trial 
curve with it ; and after ascertaining whether it be loo 

arge or too small, to assume another nearer the proper 
one, and so proceed. 

Compound Curves. The above method Btipposes that 
the curve has the same radius, or degree of curraiure, 

hroughout, and that it unites the two langenta at equal 
distances from iheir intersection. But it is often required 
to increase or to lessen the degree of curvature, and thus 
to form a " compound curve," as in the iigura. To effect 
this, at the station where the change Tig, 6a 

is to be made, use, for measuring 
inward, half the sum of the old and 
new versed sine, and thence pro- 
ceed with the new one only. Thus, 
if 2 feet has been the original 
Teraed sine, and the features of 
the ground which is next to be 
passed over require a curve of 6 
feet versed sine to be employed, at tlie desired point use 
a versed sine of 4 feet, and thenceforward one of 6 feet. If 
the curvature is to be lessened, the same rule applies. 

Reversed Curves. It is sometimes necessary to reverse 
the direction of a curve, and to commence curving in a 
contrary manner, without allowing a straight line to in- 

• II ii aftcD deairjblo to know how far the carvB will depart (rom Iho 
Btanee^Tn of th» tN|>aaI liaSB. lu B'pm G4, the diMancB rnqiiircd 
■■ fC = OC — OF = v' (OA* + .4.C') — OA 




PAJtSBdLIC met. 



w^m 
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ervene. At one ehain beyond the point at which it is 
oesired to make the change, pkce a stake in Ae line of 
the two last, and at it begin to use the proper vejcied sine 
m the contrar]^ direction. 



PARABOLIC AJItCS. 



The following method ftMrmshe^ an easy meami of ob- 
taining a Parabofie curre; 




Divide tiie twatangeht lines 1 .... W, andlS.... tS, (Whether 
of equal or diSefent lengths) into the same number ol equal 
parts, as many as may be thought necessary. Nurhber 
the points of division on one tangent with the odd nutn* 
bers I9 3, 5y dec, up to the vertex ; and on the other tan- 
gent number them, from the vertex, with the even numbers 
% 4| 6, &c. Join the points 1 and 2, 3 and 4, 5 and 6, 



P *' T 
slak 
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uid BO on ; and the inner intersecliona A, B, C, D, E, will 
le points in the curve desired. 

To fix tiie points of this curve upon the ground, lall 
slakes must be placed at each of the points of division of 
of the tangent lines, and two men be stationed on the 
ilher. One places himself at station 1, and directs his 
eyea to BlatJon 2. The other places himself at 3, and 
looks to 4. A third man, holding a rod, is moved, by al- 
ternate signals from each of the others, till he comes to a 
point which is in both their lines of sight at once. This 
will be the point A. The man at 1 now passes to 5, and 
looks to 6, the other remaining at 3. The rodman, being 
again placed in both their lines of sight, thus fixes the 
point B. The remaining points are similarly determined. 

The Parabolic curve, though little used in this country, 
ia generally preferred in France, and has the following 
advantages over a circular arc. 

It approaches nearer to the intersection of the langeiil 
lines; and as they are supposed to have been originally 
placed on the moat favorable ground, the less the curve 
deviates from them, the less increase of cutting and filling 
will it cause. The more numerous the divisions, the 
nearer does it approach the tangents. 

Its curvature is least at its beginning and its ending, so 
that its deviation from the straight line is less strongly 
marked. 

It can join two straight lines of unequal length, as in 
the figure ; while a. circular arc, of constant radius, re- 
quires both the tangents to meet it at equal distances from 
their intersection. 



ISTTIMO eSADS PBGS. 



SETTING ORjLDt PEOS. 



The line of ihe road having been marked out by ilie 
metboiJs which have now been given, and stakes set at 
the end of every chain, small " level pegs" are then to be 
driven beside tiiem, with iheir tops at the surface of the 
ground, and their heights above or below the intended 
height of the road (i. c. its " grade line") are to be ascer- 
tained by a levelling instrument, and tiie corresponding 
" Cut" or " Fill" marked upon the large stakes. 

Another form of the levelling field-book, better adapted 
for this work than that given on page 98, though less safe 
for beginners, is presented below. It refers to the same 
stations and levels, noted in the previous form of page 98, 
and shown in fig. 43. 
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In the above form it will be seen that a new coluncn i9 
introduced, containing the Height of the Instrument, (i. e. 
of its line of sight,) not above the ground where it stands, 
but above the Datum, or starting-point, of the levels. 
The former columns of " Ascent" and " Descent" are 
omitted. The above notes are taken thus. The height 
of the starting-point or " Datum," at A, is 0.00, The 
Instrument being set up and levelled, the rod is held at A. 
The Backsight upon it is 2.00 ; therefore the height of 
the Insirumeiit is also 2.00. The rod is next held at B. 
10 



The Foresigiit to it is 6.00. 

beiow the inalrament, or 2.C 
dalum. Tlie instrument is 
up, and the backsight to B, 



That point is therefore 6.00 
!)_S.O0= — 4.00 below the 
novt moved, and again set 
aeing 3.00, the Hi. Inst, is 



— 4.00+3.00=— 1.00, and so on : the Ht. Inst, being al- 
ways obtained by adding the backsight to the height of 
the peg on which the rod is held, and the height of the 
next peg being obtained by subtracting the foresight to 
ihe rod held on lliat peg, from the Hi. Inst. 

When the road is level, the " Cutting" or " Filling" at 
any point is the height of that point above or beldw the 
level hne. But when, as is generally the case, the road 
ascends or descends, farther calculation becomes neces- 
sary. The following is a form of Grade book, convenient 
I for beginners 
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The first six columns are similar to those of tlie form 
I just given. The 7th column gives the rise or fall of the 
i grade for each distance. The 8th is obtained by a con- 
tinual addition of the preceding. The 9lh is the differ- 
ence of the Sill and the 4th, and is convenient for tlie 
subsequent "Staking out the side slopes." The 10th 
1 nth are the difference of the 6th and the 8lh, as on 
we 116 




STAKINC OUT THE SIDB SLOPES. 



aXAKINO OCT THE GIDE-SLOFES. 



1 

of, is ih&.^^^^l 
itakea which ^^^ 



The " line" which lias been bo often spoken o 
Bntre-line of ihe road — its axis — and ihe stakes which 
have now been set at every hundred feet, on bolh atraiglil 
lines and curves, have marked out only this centre line. 
Before the " Construction" of the road is commenced, 
olher stakes must be set lo show how far on each side ot 
the centre line the cuttings and fillings will extend. The 
data required are the width of the road, the depth of the 
necessary cuttings or fillings, and the ratio of the side- 
slopes to unity. 

Assume that the road is to be 20 feet wide, the slopes 
2 to 1, and the cutting 6 feet. Add half the bottom width 
lo twice the depth, and the sum, (10 + 2 x 6) = 22, is the 
" distance out" from the centre stakes, at which the cul- 
ling stakes must be set. They should be naaikcd " 6.+," 
or " Cut 6," and be driven obliquely, so as lo point in the 
direction of the slope. If the road had been in filling, the 
" distance out," would have been the same, but the stakea 
would have been marked " 6. — ," or " Fill 6." 

Staking out the side-slopes is thus seen to be very easy 
when ihe ground is level in its cross-section, But when 
it is side-long, farther calculations, or repealed trials with 
a levelling instrument, are required to find the "distance 
out" which will correspond to the height of the ground 
above or below the grade tine at that precise distance 



\. general formula for rtny oa^e may be readily invecligaleil. 
Examining first the up-hill side, und csUing the slope of the 
grOQDil nt lo I ; that of the side slopes n to 1 : the desired dis- 
tance fconi the bottom angle of the cutting, d ; and the height 
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Fig. 69. 




of the ground above that bottom angle h; we obtain, (as on 
page 121) 

- = A + — ; whence d = h» . 

20 
If A = 6, n = 2, and m = 10, J == 6 X Q- = 15. Then the 

up-hill cutting stake will be 10 + 15 = 25 feet from the oen- 
tre stake. 
Examining next the down-hill side, and using a symmetrical 

notation, we have — = A' — — , whence d* = h'. — r— . Let 

SO 

A' =: 4, n = 2, and m = 10, J' = 4 X — = 6.7, and the " dia- 

Unce out" of the down-hill stake will be 10 + 6.7 =i 16:7 from 
centre. 

Cases of embankment wiM be represented by the X^Yt iigvi* 
krerted. 



CHAPTER m. 

THE CONSTIIUCTION OF KOADS. 

-■• The torrsnt Hops it not ; the nigged ro«k 
Opens, and lela it in ; and on it runs, 
Wlaning its euy way from clioie to clime, 
Thioagh gleuH lock'd up before." 



The actual " Construction" of a road, after Us " Lo- 
CK.;ion" has been completed, may be carried on by days' 
work, under the superintendence of the agents of the com- 
pany, or town, by which it has been undertaken ; but it 
wiil be more economically executed by contract. A 
"Specification" is first to be prepared, containing an ex- 
act and minute description of the manner of executing 
the work in all its details. Copies of it, with maps, pro- 
files, and drawings of tbe proposed road, &c., are to be 
submitted to the inspection of the persons desiring to un- 
dertake il, who are to be invited by advertisement to hand 
in scaled lenders of the prices per cubic yard (or other 
unit of measurement) at which they will agree to perform 
t!ie work. The proposals are opened on the appointed 
day, and the lowest are accepted, other things being equal. 
Tiic " Contract," which is to be then signed by the par- 
ties, should contain copious and stringent conditions as lo 
the time and manner of pecforraing the work ; stipulating 
when it is to be commenced, how rapidly lo progress, in 
what or'.er of parts, and when to be con.pleted , which 



of the incidental eipensea are to be -borne by the con 
tractor, and for which he is to be remunerated ; in 
what cases material carried from excavation into em 
bankment is to be paid for at the united prices of both ; 
what pcnalliea for neglect are to be imposed ; when pay- 
ments for work done are to be made ; and so on ■ always 
remembering that every thing must be expressed, and 
nothing left to be inferred* 

The specification is considered to form part of the con- 
tract, and a " Bond" is appended, by which the contractor 
and hia sureties are " holden and firmly bound" in a 
penal sum, "this bond to be null and void, if the said 
parties shall faithfully execute and fulfil the accompany 
ing Contract." 

Each contract should include such a length of road, 
called " a section," (usually half a mile or a mite long) 
that materials for the embankments may be obtained from 
cuttings within its limits. There should be separate con- 
tracts for the mechanical structures required. The works 
which will need most time for their execution should be 
commenced first ; but no contract should be let, till the 
land which it includes is secured, or exorbitant demands 
will be made. 

It has been said that the lowest bid is usually accepted, 
but this is to be taken with great qualifications. The 



■ In the eontracta for Uib j 
valaablB paragraph comprehonds every thing-, saying, " To 
disputes, it is heretiy agreed, that the engineer ehall in all cm 
the amouat or quantity of the several kinds of work which a 
ki under Uiis contract, and the sinounl of compeoralion at co 
to bs paid therefor ; and also tliat saiit engineer shall in all 
every question, which can oi 

eoatract on the part of the sard >jnlTaclor, sod bis estimate and dsciaion 
«baU beHaal and conclUBive." 






a of New York, o 








kill, competency, chararlcr, and responsibility of lliofl 
contractor are as important as llic lowness of his prices. I 
A skilful and experienced contractor will often make a I 
profit on a work, which another has abandoned after con- I 
siderable loss. Bids, less than the actual cost of the I 
work, are often made, both from ignorance and from kna- I 
very. In the former case, if the proposals were accepted, I 
ihe conlraclor would be ruined, and obliged to leave tlis 1 
work unfinished; in the latter, he would hope to gain 1 
fiomelhing by doing first the easy and profitable parts of I 
the work, and then abandoning it. In both cases the I 
remaining portions would be executed at greatly in- 1 
creased expense. Six contracts in England amounting to I 
$3,000,000 being abandoned, were finished by the com- 
pany, and cost them $6,000,000. The engineer shoiiM 
therefore ascertain the lowest amount for which the work 
can be done, and not let it for less. 

The work done is usually paid for monthly, according J 
to a measurement made by the inspecting engineer. Fivo I 
or ten per cent is generally retained til! the completion of ] 
the contract. 

The two main divisions of the operations necessary in j 
the construction of a road, are its earthwork and iU | 
mechanical structures. 



K 



1. EABTHWOBK. 

'he tenn earthwork is applied to all the operations in I 
iTation and embankment, whatever the material. 



The problem which is to be solved, both in theory and I 
f.ractice, is, " To remove every portion of earth from the | 



r 
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cicavalion to ihe embankment by the shoriest distance, in 
ilie aborlesl time, and at the least expense." 

It must also be deposited so as to form a consolidated 
mass, and so that not i particle of it will need to be again 
ijioved. 

The problem is very important in practice, for upon ita 
mode of solution depends a large portion of the cost of 
llie work ; and in theory, it requires the aid of the higher 
Calculus, since, to satisfy its conditions, the sum of the 
products, arising from multiplying all the elementary yo\- 
umes of earth into the distances which they are carried, 
inust be a minimum. 

We have seen, on page 123, that in the simplest case, 
that in which the whole of one excavation is to be carried 
into one embankment, we may use the product of the 
entire mass muJtiphed by the distance of the centres of 
gravity of its two positions. But when cerlain portions 
of a cutting are to be deposited in spoil-banks; others to 
form part of an embankment, of which the remainder is 
lo be obtained from slde-cultings ; &c., it does not appear 
a priori what arrangement would give a minimum ex- 
pense. In a few cases the proper course is evident ; as, 
if a hill is to be cut down, and its materials serve only to 
lill up a valley, and are in excess, the excavation from its 
summit is clearly the portion lo be deposited in spoil- 
bank; if the materials are insuiScicnt to form the em- 
bankment, it is the part most distant from the hill which 
should be formed from a side-cutting ; if the excavation is 
lo be carried in two different directions and is in excess, 
it is the part of the middle which should be rejected and 
deposited in spoil-bank. 

One general principle of iransf ort may be readily de 
duced. Let ABCD represent the plan of an excavation 




from which the embankment EFGH is to be formed. If 
[he volume CDik, instead of being taken to GHlm, should 
be transported to EFon, it follows that the embankment 
GH/m must be obtained from a portion of the excavation 
beyond the line ik, and that the paths of the two volumes 
will cross each other, which is therefore a disadvantageous 
disposition, since it increases the distances passed over. 
Any such crossing of the paths of the volumes trans- 
ferred, either horizontally or vertically, may be generally 
avoided by conceiving the solids of excavation and em- 
bankment to be intersected by parallel planes, such as 
DCHG, ik, Im, &c., and by transferring the partial sohda 
in the manner indicated by the boundaries marked out by 
these planes. 

In muny cases the moal economical distribution of the earth, m 



m determined only by 



Tims in the fig 
. pose that earih ia lo ba 
** ttken fiuo: A and B «i 
, form embankments at C 
L snd D ; it u required lo 
^biov which ahould form 
e embankment at C,and 
P which that at D. To bring 
P'tiie case within llie ap- 
I pliostioa of the principle 



Fig. 71. 
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Jusl enunciated, conceiTe the triangle A6D to tam around the 
line AB as on a hinge, so that the point D comes to occupy a 
point Xy, symmetrical with its former position. 

It is now evident that to avoid the crossing of the paths, Iho 
earth from A niust be taken to D', (t. e. D) and the earth from 
B to C ; AD' + BC being leas than AC + BD'. If the point 
D' had fallen beyond C ihe reverse would have been proper. 
If the point D' had fallen wilhln the triangle ABC, there would 
be DO crossing in either mode of transport, but the proper one 
would be delertnined by a similar algebraic condition.* 

The choice would be indifierent, if 

BC — AC = BD— AD, 
or if AD — AC = BD — BC; 

for then, AD + BC ^ AC + BD. 

Two points, A and B, Fig. 72, being found which fulfil this 
condition, other points will be found at (he inti 



deactibed from C and D as centres, with radii of which the dif- 
ferences are respectively equal to the given ditferenee AD— AC, 
or BD — BC. If a great number of these points were found, 
the polygonal line ABEFG would become an hyperbola, pos- 
sessing the remarkable property of so dividing the transporta- 
tion, that C should receive all the excavation from one side of 
h, and D all from the other. 

Suppose that embankments at C and D, Fig. 73, are lo be 
made from a mass of earth mnpp, jusl equal to them in volume. 
The minimiim of expense will be obtained by finding the curve 
AQ, which bliall dlvitle the area mnop into two parts equal to 



• Gijfiter, p. IM. 




ihose required a.t C and D, and which shall alB< 
properlies enunciated in the preceding paiagraph. If the line EF 
drawn perpendicular to CD, from ita middle E, does rot cut off 
a, BuiEcienL poction of the area to supply D, this shows that the 
dure will bo concave towards C. Then divide geometrically 
the area mnnp in the reqoired proportion, by a straight line n, 
inclined approximately as [he curve would be, and adopt its 
middle point as i point of the curve. Then will BD — BC he 
the constant difiercnce of radii required to find the other puiula 
of ihc dividing curve. 

If the amount of embankment, which might bs deposited at 
C and at T>, was indefinite, and the only requirement w 
most economical removal from mnop, then the perpendiculi 
drawn irom the middle of CD, would divide the area inl 
portions, which should be removed to the points C and D 
ipectivelj nearest lo each of them. 

On similar principles may all such problems bo resolTarf* 
Moditicalions of ihem are required, when the paths cannol 
taken at will, as when a bridge, or an opening in a wall, 
point through which all the paths must pass. The number 

f bridges, of openings, of roads, &c., which uil 

lata^eous, require sepamte investigaiiona.* 



EF 
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THE COKSTRrc-TION OF ROADS. 

EXCAVATION. 
The excavation and removal uf earlh is performed, j 

cording to circura stances, by ploughs, scrapers, barrows, 
carts, wagons, &c., each of whicli will be succcsaivelv 
considered. 

LOOSENING. 

Most earth will require to be loosened with ploughs, 
spades, or picks, before being shovelled into the barrow, 
or carl, in which it is to be removed. The side-hill 
plough possesses some advantages. The picks should 
be two feet from point lo pohil, not more than ten or 
twelve pounds in weight, and very deep and strong in the 
eye, or socket of ihe liandle. Ligjit and loose soil may 
however, be at once taken up wilh the shovel, 

Wheo the excavation is deep, the loosening maybe fa- 
cilitated, wilh a great saving of lime and labor, by digging 
a narrow channel to a depth of five or six feet, and under 
mining the face of the bank thus formed, letting it full ai 
once into the barrows, or carls, beneath it. Us disruption 
is hastened by wedges driven into its upper surface. The 
concussion of the fall breaks up the mass into small pieces, 
with great economy, but not without danger to the work- 
in the ordinary excavation, in which the earlh is dug 
up, the united cohesion and weight must both be ovei- 
come ; in the method just described, the weight assists in 
overcoming ihe cohesion. Represenling the force of co- 
hesion by 3, and that of the weight by 2 ; if both ar« to 
be overcome, as m the usual method, their rcsislance will 
be 3 + 2 = 5; while if the weight be made to assist the 
workman, the resistance will be only 3 — 2 =^ 1 . 




- EXCAVATIUM. 

Sleam has been applied to excavation, and a machino 
[ constructed, which can dig and load 1000 cLbic yards per 
I day, in favorable soil at an annual cost, induiiing inler- 
I cat, wear and tear, labor, &c., of $7,500, molung the 

^eo.I per cubic yard, ^^^^^-^^ = 2i cents.' 



This implement may be used with much adranlage, 
when the earth yields readily to the plough, and is not to 
be moved more than 100 feet horizontally, nor to be 
raised to vertical heights of more than 15 feet; though 
these limits may sometimes be exceeded. The slopes of 
the banks which it forms, should not be steeper than IJ 
^tol. It usually contains ,-'1 of a cubic yard.t The 
Fig. 74. 




ground, except when soft or sandy, requires to be previ 
ously ploughed. The scraper ia drawn by two horses, 
managed by a boy. The driver elevates the handles, and 
tEe iron-shod iidgc nins under the loose earth, rising op 

• Jouinal of Ihe FrankUn lartUul», Sepumber, 1643. 
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sgain as soon as the handles are lele^sed upon its being 
filled. It then runs with slight resistance upon two con- 
TCx iron-shod runners, which project slightly beyond its 
bottom, and is thus drawn to the place of deposite. At 
that point the driver raises tlie handles ; its front edge 
matches in the earth, and ils forward motion overturns it, 
ind discharges its load. The horses keep moving; and 
the scoop is dragged back lo the place of excavation, in 
its inverted position, the handles resting on the tree. It 
is there loaded, &c., as before. 



For excavations of moderate depths, and for distances 
within certain limits, bairows are most conveniently em- 
ployed. To facilitate emptying their contents, the bar- 
rows are made very shallow, with splaying sides, and with 
a very short axis to the wheel. They contain from j'^ to 
j'j of a cubic yard. They are wheeled on "runs" of 
plank, (as long and thick as possible) laid on the ground, 
or supported on trestles, or horses, numerous enough to 
prevent vibration. When the tracks are inclined, as in 
ascending from a deep excavation, they should be laid 
with a slope of one in twelve,' A steeper slope fatigues 
the workman excessively ; a flatter one increases too 
much the length of his route. The same man does not 
usually dig, shovel, and wheel, but great advantages are 
obtained by a division of labor. One man picks, (if that 
be required) a second shovels into the barrow which stands 
on the edge of the excavation, and a third wheels the bar- 
row to the place of deposite, or to the next " stage," ac- 
cording to the distance. In the latter case, at the end of 

* DuriN. Applitiationt dt U Oivmttrit. 



B ARR W -W HE B LI M G . 

llie " Stage," he meets another wheeler, returning with an 
empty barrow, 'I'he two ihere exchange their barrows ; 
the second man wheels on the loaded one over another 
stage, while the first man returns with the empty barrow 
to iho excavation, where he finds a loaded one, which has 
been filled during his absence; and so the circulation 



The length of the " stage" should be such, that the 
lime, taken by the wheeler to travel over it with a loaded 
barrow, and to return with an empty one, should be just 
sufficient to enable the shoveller to fill tlie barrow left at 
the excavation. It should vary therefore with the nature 
of the soil ; lessening, if this be easily worked, and in- 
creasing, if it offer greater resistance. On a level the 
length of a stage is usually from 60 to 100 feet. On an 
ascent of 1 in 12, it should be diminished by one-third ; 
on a similar descent it should be increased by the same ; 
for with this slope the labor on an ascent of 60 feet ex- 
actly equals a level stage of 90 feet.' 

If the distance were not divided 'into stages, and one 
man wheeled his barrow the entire length, a number of 
runs would require to be laid from the excavation. Such 
an arrangement would be inconvenient, from its blocking 
up the work, and expensive, from the cost of the plank. 
At the point where the run terminates in the excavation, 
two planks are placed, diverging like the letter Y. the 
full and the empty barrow being wheeled on each alter- 
nately. At the meeting of two stages, a double track is 
laid, to form a turning-out place for the exchange of the 
barrows. At the place of deposiie, several planks should 
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once evenly distribuied, by being emptied from each Id 
turn, thus Havi/ig mucb subsequent levetliag. 

BaiTow-wlieeling becomes too espensive after reaching 
a certain limiting distance of transpurtation. The frequent 
neglect of this consideration leads lo much waste of labor. 
When earth is lo be conveyed great distances, carts or 
wagons should be employed. The limit is determined 
by a combination of llie cost of filling and of transporting. 
The table on page 12S, makes it 100 feet; the hniit in 
France, with barrows containing ^\ of a cubic yard, should 
be 200 feet; on English works, with barrows holding j\ 
of a cubic yard, the limit is 300 feet. The limiting dis- 
tance becomes smaller as ihe height to which the earth 
is moved becomes greater.* 

CARTS, ETC. 

One-horse carls may be advantageously employed for 
. distances exceeding the. sphere of barrows. For short 
distances, the greater proportional loss of lime in filling 
them more than balances their economy while moving. 
They should be made very light, and their box be bal 
anced on a pivot, so that when loaded they will tend to 
discharge themselves.t As the distance increases, wag- 
ons, drawn by two horses, become cheaper, and a tempo- 
rary railway may often be constructed with profit. 

When the length of the lead, (i. e. the distance from 
the face of an excavation to the head of an embankment) 
exceeds I J miles, and the amount of earthwork is con- 
Biderable, a locomotive engine may be advantageously 
employed to draw trains of wagons upDU the rails. 

•Gaj'ffior, |i.l59, 

t Wben horeeB draw loads out of oil eicavafiou, the incliaallou of lliuii 
inok ihauld not exceed 1 in 30. Dufin. AppiieotiBiu dt la (Siamttri* 



" Casting up bif stages" is a melhod sometimes 
ployed for removing^the earth from deep excavations. 
scaffold is prepared with a number of platforms, each five 
feet above the other, and each successive one receding, 
like the steps of a staircase. On each platform stands a 
man with a shovel. The laborer in the excavation throws 
the earth upon the first platform ; the man there stationed 
throws it up to the second ; and so on in succession till it 
reaches the surface. 

Horse-runs are also resorted to in very deep excava- 
tions, where the banks arc necessarily very high and steep. 
Upon the slope of the bank are placed two plank " runs," 
or tracks, reaching from the top to the bottom of the ex 
cavalion. The distance between them must be a little 
greater than the depth of the excavation. At the top of 
each is a pulley, over which plays a rope, the ends of 
which pass down the runs. Each end of the rope is 
fastened to the front of a barrow, and its length is so ad- 
justed that one barrow will be at the top of one run, while 
the other barrow is at the bottom of the other run. At 
the lop of the excavation, a horse, attached to the rope, 
travels horizontally, alternately raising one barrow, which 
has been filled below, and lowering the other, which has 
been emptied at the top. A man has hold of each bai- 
row to guide it in ils ascent and descent, the weights of 
llie men balancing each other. This method is advan- 
tageous for depths exceeding 20 feet." The use of bar- 
rows in such cases, with the proper inclinations for the 
runa would require too great a distance to be travelled 
over. 
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The spoil-banks, formed by the deposites of the i 
jJus earth of an excavation, are usually shaped, as in the 



figure, with side-slopes of IJ lo 1. If the land which 
ihcy occupy be of lillle value, it will be economical to e\- 
lend them along the line AB, making ihem wider and 
lower within certain limits ; since vertical transport costs 
80 miicli more than horizontal. * The solution of the 
problem of minimum expense shows that for spoil-banks 
made with barrows, (slopes IJ to I, and employing the 
customary ratio of 18 to I, for the comparative expense 
of horizontal and vertical transport) the base AB should 
he fifteen times the height, t 



To preserve the slopes of deep excavations from beriig 
guUied and washed down into the road, a ditch should be 
made along the upper edges of the culling, in order to 
prevent the surface water of the neighboring land from 
reaching it. Upon the slopes themselves should be made 
ditches, called " Calch-waler drains," running obliquely 
downwards, to receive the water of rams, and conduct it 
into the side ditches. 

The side-slopes may be advantageously sown with 
grass-seed. The roots of the grass will bind the earlh ' 



together, and prevent its slippirg. A overing of 3 o 
inches of good soil should be previous y spread over 
side-slopes, but if they are steeper than 1} to 1, the soil 
will not lie upon them. They may also be sodded ; the 
Bods being laid on, either with the grass side uppermost, 
or edgewise, with their faces at right angles to the slope. 
The latter, " Edge- sodding," is the most efficient, but 
most expensive. 



When the excavation exceeds a certain depth, it will 
be cheaper to make a tunnel as a substitute. The amount 
of excavation will be much less, but the cost of each yard 
of it will be much greater. Calculation in each case 
can alone decide at what depth it would be economical to 
abandon the open excavation, and to commence the tun- 
nel. Sixty feet is an approximate limit in ordinary earth. 
The necessity for tunnels seldom occurs, however, in the 
construction of common roads, though frequent in the 
great roads of the Alps, and on railroads ; in the chapter 
devoted to which they will therefore be more fully noticed. 
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[dt only rock, but frozen earth, and sometimes vcrf I 
ipact clay, are removed by blasting with powder. * 

The holes are drilled by a long iron bar of the hardest 
steel, chisel-edged, which is raised and let fall on the de- 
sired point, and at each stroke turned partially around, so 
that the cuts cross each other like the rays of a star •. 
The holes are made from 1 to 3 inches in diameter, and 
from 1 to 4 feet deep. One man can drill in a day 18 
inches, of one 3 inches in diameter, in rock of averaga j 
nurdness. WJien ivater percolaXes mlo the toU, \J. tomi 
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be dried wilh oakum and quicklime, and the powder en 
closed in a water-proof cartridge. The proper proportion 
of powder being introduced by a funnel and copper lube, 
(so that none may adhere lo the side) a wadding, of hay, 
moss, or dry virf, is placed upon it, and the remainder of 
the hole is filled with some packing material. Tliis is 
usually sand, but by far the best, for safety and efBciency, 
is dried ciay, rolled into balls or cylinders, and dried at a 
smith's forge, as much as can be, without its falling to 
pieces. The next best material is the chippings and dust 
of broken brick, moistened slightly while being rammed. 
An inch or two of the wadding being simply pressed 
down upon the powder, the filling material is rammed, or 
" tamped," wilh a copper wire, till it becomes very com- 
pact. Through it passes, from the powder lo the surface, 
some nseans of ignition. A straw, filled with priming 
powder, and ignited by a slow match, was formerly 
employed for this purpose. But of late years this has 
been generally, and should be universally, superseded by 
the safety-fuse. This has the appearance of a common 
tarred rope, and is so prepared that the length of it, which 
will burn any given lime, can be exactly known, so that 
no premature explosion need be feared. 

The proper charge of powder, and the direction of the 
holes, are very important, bolh for efficiency and econo- 
my. The usual charge is one-third of the depth of the 
hole ; but such a rule is evidently irrational, for the 
amount of a charge so proportioned will vary wilh the 
bore. The proper regulator of the charge is the lengli' 
of " the line of least resistance,'" i. e. the shortest dis 
tance from ih^ uulk of the powder to the outside of the 
rock. Thus in the figure, AB being the hole bored, and 
B the powder, BC is the " line of least resistance,' 



whicli should not be in the direction 
ofthe holeboied. The proper charge 
depends on it, and not at all on the 
depth AB. Tc produce similar pro- 
portional results in diiferent blasts, 
llie charges must be as the cubes of 
the respective lines of least resist- 
ance. Thus, if four ounces of pow- 
der will just suffice to blast a solid rock in which 
2 feel, the charge for another in which BC was 1 
would be given by the proportion 2' : 4 : : 3* : 13^ o 
On these data the following table is formed.* 
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The following table will also be found very conTenient I 
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ODB lb, of powder. 


iBOho. 


Lta. Ot Lb.. Oi. 


IncJiei. 




0.419 5.038 


38.197 


1} 


0.943 11.304 


1G.976 




1.678 I 4.113 


9.549 


H 


3.618 1 15.416 


6.113 




3.770 3 13.340 


4.344 



•Lcndon MechsaicH' M^razine, xnlii. 597, Dec 1840; and picteil 
ma! papsR of Royal Military Ei^neers, vol. 4 
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When the rock is alralified, 
' htiving beds und Eeams, as in 
the figure, holes bored paral- 
lel lo the joints will produce 
much greater effect than the 
usual vertical snes. 

When a rocky surface is to 



be cut down to a line AB, the holes should be oblitjue, aa 




Fjg.78. 




I in the figure. In some cases, a horizontal one, from B 
towards A would be advantageous. 

On a high face of rock a system of undermining may 
be usefuJly employed, by blowing out a mass below, and 
removing the remaining overhanging portion by crowbars. 
wedges, Sec. 

The crater, or cavity formed by an explosion, is aB- 
■umed to be a truncated cone, which has its inner or smaller 
diameter equal to half the diameter of the mouth of the 
crater. It has been found by experiment that the outer 
diameter of the crater u^ay be increased, in ordinary soils, 
by excessive charges, to three limes the length of the 
" line of least resistance," but nut much beyond this ; and 
that within this limit this diameter increases nearly in the 
ratio of the square root of the charge. 

The most unfavorable situalion for a charge is where a 
te-entering angle is to be blown out, as the rock all around 
it exerts a powerful resisting pressure. The charge needs 



to he projortionally increased. This case constantly oe- 



No loud report should be heard, nor stones be throwr 
out. The best effect is produced when the report is 
trifling, but when the mass is lifted, and thorouglily frac- 
tured, without the projection of fragments. If the rock 
be only shaken by a blast, and not moved outwardly, a 
decond charge in the same hole will be very effective. 

Any kind of compact brush, such as pine or cedar 
houghs, laid on rocks about to be blasted, wilt almost 
coropleiely prevent the flying of fragments, and thus les- 
sen the danger to persons and buildings in the vicinity. 

The safety of blastuig operations may be greatly in- 
creased by applying galvanism to the ignition of the 
powder, which can then be effected at any distance. 
By its aid a row of blasts can be exploded simultaneously, 
by which their effective power is greatly increased. In 
this way, a single blast, of nine tons of powder, contained 
in three cells, removed one million tons of rock from a 
chff at Dover, with a saving of $50,000 
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EMBANKMENTS, 



Perfect solidity is the great desideratum in ai(i£c'dl 
road-making. Every precaution must liierefore be 
ployed, in forming a high bank, to lessen its tendency to 
slip. From the space wliich the bank is to occupy, all 
vegetable or jierishablo matter, and all porous earth and 
loose stones, should be removed. On this space the 
earth is then deposited, to form the embankment, which 
is usually made of full height at its commencement, and 
is c-ftended by "tipping" earth from ihe extremity, and 
so carried out on a level with the top surface. But an 
embankment thus formed will be deficient in compact 
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iiesB ; for ihe particles of earth, which are emptied from 
the top of the bitnk, will temporarily stop in ibeir descent 
at the point of the elope at which the friction becomes 
sufficient to balance iJieir gravity ; and when more earth 
conies upon them, they will give way and slide lower 
down, causing the portions above them to slip and crack, 
and ihua delaying for a long lime the complete consoli- 
dation. 

This method Is, however, cheap and rapid. Its rapid- 
ity will be increased by obtaining more " lipping places," 
which can be effected by forming the bank at first wider 




Fig. 7a 



at top, and narrower at bottom, than it is finally to be, 
(i. e, forming abed instead of ABCD) and subsequently 
throwing down the superfluous earth from the top lo give 
tlie proper width at bottom," 

The solidity of embankments, which are made by 
tipping from the ends may be increased by forming the 
outside portions of the bank first, and gradually filling up 
towards the middle, so that Ihe earth may arrange itself 
with a tendency to move towards the centre, if at all.t 

To ensure the stability of embankments, they should, 
however, be formed by depositing the earth in successive 
layers or courses, not more than three or four feet thick ; 
and the vehicles, coriTcying the materials, should be re- 
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1 lo pass over ihe bank at each trip, ko as to com- 
' |H%ss the earili. II the case warranted the expense, each 
course might with advantage be well rammed. To lea 
sen the danger of slips, the layers should be made Gome- 




lat concave, as in Fig. SO. If made convex, as in the 
t figure, and as they are apt to become, in the most 
Fig. 81. 



natural mode of forming them, portions would tend to 
■lip off in the direction of the layers, while the arrange- 
ment of concave layers would resist, instead of assisting, 
any slip. A framework of timber has sometimes been 
inserted in a. bank to bind it more firmly together. 

An embankment should always be formed at first of its 
full width, and not, from a mistaken economy, be at first 
made narrow, to be subsequently increased by lateral ad- 
ditions; for the new portion will never unite perfectly 
wiUi the old. 

le foot, or " toe," of the bank, a slight excavation 

lay be made to resist its tendency lo spread, or a low 

t massive stone wall may be there erected. 

The slopes, tike those of excavations, should be grassed, 

; sodded. If exposed to the action of water, a row 

J planks, grooved and tongued, and sharpened atholtoTO,, 




should be driven at iheir foot, forming a " sheet-piling , ' 
snd ibe slopes themselves should be protected with a 
■' slope-wall" composed of rough stones, from one to two 
feet thick, laid without mortar, with their faces at right 
angles to the slope, and " breaking joints" as perfectly as 
possible. To prevent their being ihiown out of place by 
llie swelling and heaving, which is caused by the freezing 
of the rain-water retained by ihe clayey material of 
which an embankment may be composed, a layer, one or 
two feet thick, of coarse gravel, should be placed on the 
elope before laying the stone facing, so ihat tiie rain-wa- 
Icr can at once pass through this porous coating. At tlie 
foot of llie slope, an " apron," or mass of loose stones 
may be deposited. 



When an embankment is to be made through a swamp 
bog, marsh, or morass, many precautions are necessary. 

If the bog be less than four feet deep, and have a 
sobd bottom, all the soft matter should be removed, and 
an embankment raised upon the hard bottom. 

If it be deeper, but not very soft, the surface may be 
covered with two rows of swarded turf; the lower being 
laid with its grassy face downward, the other with that 
face upward, and the embankment raised upon them. 

When the swamp is deep and fluid, thorough draining 
is the first and most important point. On each side of 
the road, wide and deep ditches must be cut, to collect 
the surface water, and to carry it off into the natural wa 
ler-CDurses. Numerous smaller ditches must be cut, at 
short intervals, across the road-way, from one main drain 
lo the other, descending both ways from the centre. This 
opvralion wi" consolidate the surface between ihe main 
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ditches. The cross-drains may be filled with broken 
stones, (or bushes, if they will always remain under wa 
ter, as otherwise they will decay, and cause ibe road to 
sink) and on this foundation the embankment may be raised. 
In eitreme cases, ihc lower portions of the embank- 
ment must be formed of brush-wood, arranged ir. fascines 
which are a specific remedy against water. They are 
formed by carefully selecting the long, straight, and slen 
der branches of underwood, and tying ihem up in bundles, 
from 9 to 12 inches in diameter, and from 10 to 30 feet 
long. A layer of these fascines is laid across the road ; 
a second layer in the direction of the road ; and so on, to 
as great a thickness as may be required to raise the road- 
bed perfectly high and dry. Sharp stakes are driven at 
intervals to fasten together the layers. Poles, or young 
trees, may be laid across every other course. Upon this 
platform of fascines may be laid large flat stones, and upon 
them a course of earth and gravel. 

When a road runs along the side of a bill, it will be 
most cheaply formed, by making it half in excavation and 
half in embankment. But as the embankment would be 



Fig. 62. 
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liable to slip, if simply deposited on llie natural surface of 
the ground, ihe latter should be notched into steps, or off 
■ets, in order to retain ihe earth. In adjusting the height 
of the made ground, an allowance should be made for its 
subsequent settling. 

If the surface be very much inclined, both the cuttings 
and filhngs will need to be supported by "retaining walls," 



which may be laid dry if composed of large stones, or 
in mortar. The proper thickness which should be given 
to them, will be investigated under the head of " Me- 
t:hanical structures." 

If the side hill be of rock, the steep slope at which that 
materia] may safely be cut, will enable the upper wall to 
be dispensed with. 

When the road is required to pass along the face of a 

nearly perpendicular precipice, at a considerable height, 

' (a case which sometimes occurs in passing a projecting 

mnt of the rocky bank of ^ river in a mountainous dig- 





TRIMMING AND SHAPINO. 

I tnct) it may rest on a frame-work 
formed of horizontal beams, deep- 
ly let into the face of the preci- 
pice, and supported at llieir outer 
ends by obhque timbers, the low- 
er ends of which rest ia notches 
formed in the rock. 



To form the side-slopes with 
precision, to the proper inclina- 
tion, a simple bevel, " fcdii'r-level," 
or " clinometer," may be em- 
ployed with great advantage. It consists of two strips of 
board, AB, AC, fastened to each other at right angles, 
and connected by a third Fig. 85. 

one, CB. When the de- ^ 
sired slope is 2 to 1 , make 
AB twice the length of AC. 
Place C, or B, at any known 
point of the slope ; make ( 
AC vertical by the plumb-line; and then will EC coin- 
cide with the slope desired. 

Another implement for the same purpose is formed of 
a single strip of wood, to which is attached a triangle, 
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with base and height correBponding to those of the de- 
sired slope. When a spirit-level, resting upon the top of 
this triangle, is horizontal, the inclined strip will coincide 
with the slope sought. 

A more general " Clinometer" is shown in the accom- 
panying figure. It consists of a spirit-level, moveable on 

Fig. 87 




a pivot, which is the centre of a quadrant divided into de- 
grees. To measure a slope, place the bar upon it, and 
turn ihe level till the bubble is in its centre. The read- 
ing at the top of the level will indicate the inclination of 
the slope. To increase its portability, the long bar 
doubles up on a hinge in its middle.* 

To shape the tops of the embankments, and the bot- 
toms of the cuttings, in accordance with the desired pro- 
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mason's level, a triangle ABC, with its base and height 
BO proportioned as to correspond to the "crowning" of llic 
road ; 1 in 24 for example. Or, instead of the triangle, 
gauges of different lengths, moveable on thumb-screws, 
I may be made to project below the level, to proper depths.* 



2. litEOOAinOAL 

Under this head are included the bridges, culverts, and 
other works of the mason and carpenter, which are re- 
quired for the purposes of the road. 



The most simple and natural form of a bridge consisis 
f of two timbers, laid across the stream, or opening, which is 
to be passed over, and covered with plank to form llic 
road-way. Walls should be built to support each end of 
the timbers, and are named the abutments. The width 
of the opening which they cross is termed the stretch, or 
bay. The timbers tliemselves are the string-pieces. 
Their number and size must of course increase wilh the 
liBlTctch. For a stretch of IG feet, they should be about 

• Famdl, p. 26\. 
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15 inches deep by 8 broad, and be placed at intervals of 
nbout 2 feel.' The greatesl weight which can come upon 
liiem is when the surface of the bridge is covered \vith 
men standing side by side, and Is then equal to 120 lbs. per 
Equare fool of surface, independently of the weight of the 
iiinterials. Recent experiments make this only 70 lbs. 

This simple construction is only applicable lo short 
stretches. For spaces of greater width, supports from 
f the bottom of the opening may be placed at proper inter- 
vals. They may be piers of masonry, or upright props or 
siiores of timber, properly braced, and supported on piles, 
it' ihe foundation be insecure. They will divide the long 
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slrctch into a number of shorter ones, and support the 
ends of the limbers by which each of ihem is spanned. 

But if ihe opening be deep, or occupied by a rapid 
stream, it is very desirable lo avoid ihe use of any such 
obstruclions. Means must therefore bo devised for 
strengthening ihe beams, so as lo enable them to span 
larger openings. This may be effected by supports from 
below, or from above. 

Of supports from below, ihe simplest are shorter tint 
oers, {bolsters, or corbels) placed under ihe main ones 

'IVetipaJd'aCarpenl y,p.H6. Tluasjvc&agrettlim^laaotrfnauslk. 



to which they are 

firmly bolted, and i~^ 

projecling about '*^^^M^ 



rr" 



DrojecUng 

one-third of the 
stretch. This will 
considerably in- 
crease the stiffness. 

Still more effective are oblique braces, or " BtnitB," 
supporting the middle of the beam, and resting, at their i 



Fig. 9] 




lower ends, in " shoulders," cut into the abutments. Sim- | 
il ar braces may be applied to the " bolsters" of Fig. 90. 

^ootique as to lose much of their efficiency. A straimng-,^ 
piece is therefore interposed between them. T!iirty-firo [ 
feet may thus be spanned. 

For longer stretches, the bolsters, braces, and straining- 
beams may be combined, as in Fig. 93. The principle d 
thh method may b«.extended » ■wmf "wwift tt^ra^avifgh. 





But in many cases supports from below may be objec 

. itonable, as exerting too much thrust against the abut 

menls, and being liable to be carried away by freshets, 

&c. The beams must in such cases be strengthened hy 

supports from above 

The simplest form of such is shown in Fig. 94, in 
\ which the horizontal beam is supported by an upright 
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" king-post," to which it is attached by an iron strap, 
as in the figure, or by the upright " king-post" being 
formed of Iwo pieces, bolted together, and enclosing the 
beam between them. The king-post itself is supported 
by the oblique braces, or " struts," which rest against 
flotches in the horizontal beam. 
Since ihe king-poBi ac:s as a suspendinj \w,^n won 
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may be advantageously substituted for it. The oblique I 
ices may be also stiffened by iron tics, binding them to^l 
the main limbers, as in Fig. 95. jl 

For longer stretches, a straining beam may be introtrj 




duced between the struts, as in Fig. 96, in which t 

posts are represented as enclosing the beam. 

For bridges of greater span, and more complicated fl 
structure, the professional assistance of a civil engineer ' 
should be secured. The subject is therefore not carried 
any farther in this volume. For the same reason, bridges 
of stone and iron are omitted. A comprehensive analysis 
of them may be found in Professor Mahan'a " Civil En- 
gineering." A recent work, "Haupt on Bridge Con- 
struction," (New York, 1851) is an admirable tieatisc 
on the principles aud practice of this important subject 
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CULVERTS AND DKaT>S. 

These struclares are necessary for canying 
road the streams which it inlersecu. Thej are also need- 
ed to carry the waters of the ditches, from the upper side 
of a road, to that side on which lie the nataial water- 
courses into which they must finally be discharged. Then 
simplest form consists of two walla of slooe or bnck 
covered with slabs, and haring a foundation, eitlier of 
wood (if always wcl) or of stone, laid in the form of aa 
iDTerled arch, as shown in Fik 9- 

cross-scclion in Figure 97 /" 
Their size must be propor- 
tioned to the grcaleslqiianlily 
of water which ihcy can ever 
bo required to pass, and should 
be at least IS inches square, 
or largo enough to admit a boy 
to enter to ctcan them out. Tbcir bottoms should be lU' 
cliiied 1 in 120, or 1 inch in 10 feet When the road 
slopes, the inclination of the cuhert may be increased, if 
necessary, by making it cross the road obliquely Ai 
each end flat stones should be sunk vertically, or sheet- 
piling driven, to guard against the undermining efTects of 
the water. The length of a culvert under an embank- 
ment will be equal lo ihc width of the road, increased by 
tlio ilistanco on each side, to which the slopes run out, at 
the depth at which the culvert is placed. At each end of 
il xhould he buill wing-walls, their tops having an outward 
»iid downward slope corresponding lo that of the embank- 
ment. Their ground plan may be recianguiar, trapezoi- 
dal, ur curved. 

In districts where sione is scarce, a small culvert may 
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wnstructed with four ranges of slabs -, 
Fooves being cut in the top and bottom 
slabs, to receive the upright ones which 
form t!ie sidea. 

A cheap culvert may be built of brick, 
Willi a semicircular arch, of three feet 
span, and 4 inches thick. Kg- 99. 

One thousand bricks will 
build 2G running feet. If 
the flow of water be small, 
the bottom may be merely 
covered with 'gravel, over 

which is then poured grout of hydraulic cement, forming 
a superficial concrete. 

To obtain greater strength, the 
arch may rest on abutments, slo- 
ping inward, and the bottom of the 
culvert be a flat inverted arch. 

When a road is in excavation, 
the ditches on either side of it 
will sometimes require to be cov- 
ered, to prevent their being filled 
up by washings from the sides. 
They may then be formed as in 
Fig. 97 ; but spaces of half an inch in width should be 
left between the covering stones. A layer of brushwood 
should be placed over these, and ihe remainder of the 
ditch filled up to the surface with broken stones, through 
which the water can filler.' 

Similar but smaller drains may be formed at intervals 
under tlio road, diverging from its centre like 



Fig. 100. 
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the two ^^^ 




CONSTRDCTION OF R 

branches of the letter Vi s"'^ descending from the angu 
lar point to the side-ditches. They are called " mitre 
drains." In very wet ground, a deep but narrow drain, 
filled with broken stones, may be carried through the 
middle of the road. 




These are very shallow paved ditches, formed across 
the road upon a slope, to catch the water which runs 
down its length, (and which would otherwise furrow up 
the road-way) and to turn it off into the side-ditches, 
They are also necessary in the hollows which exist at the 
points where a descent and ascent meet. They should 
be so laid that a carriage will not feci any shock in pass- 
ing over them. Their bottom may be flat, and six feet 
wide, and for twelve feet on each side they may rise one 
inch to the foot. The side-slope, down which they dis- 
charge their waters, should be also paved. Sometimes 
for economy they are used as a substitute for a culvert to 
carry the waters of a small stream across the road ; but 
this is very objectionable, particularly from the ledges of 
ice which will be there formed in winter. They are some- 
times shaped like a V. with the point directed up the as- 
cent, and will then divide the waters. In mountainous 
situations they should be located obhquely to the axis of 
the road, and the most advantageous position will evident- 
ly be thai which has the greatest descent with the least 
length, and may be geometrically determined. 

Let the lon^ludinal slope of the road deacending from A Id 
B, be m to 1 ; and let its transverse slope frum A lo C be n !• 
1; ihe Turmer being here eupposed sleeper ihan the lallei. 
It is required to dciermine the position of the calch water AD 
■o lb»t it maj have (he greatest alape po«8\U«. 




CATCHWATEBB. 



If ft line, BC, t 



I 



■uiface of the coad as lo be horizon- 
ul, the desired liae of greatesl slope, 
AD, will be perpendicular to it, as ex- 
plained on page 75. The position of 
Ihia hoiiiontal line must therefore be 
fiiet detennined. The two points, A J 
and B, which it unites, being on (he | 
■ame level, the deacent from A to B | 
equals that fioni A to C. These de- i / 
scents are expressed respectively by ' / 
AB AC . . ui' 

. and , giTing the equation, 

■ AB AC ,„ .„ » 

I = — ; whence AC =: AB " — . 

^ m H m 

Therefore, to obtain the position AD by a graphical con- 
struction, make AB of any lenglh, and set off AC (as given by 
the equation) at right angles to it; join CB, and from A draw 
Ihe perpendicular AD, which will be the hne required. 

t bo required to define the position AD, by the anglal 
BAD, it will be seen that BAD = ACB ; and that 



!i.ACB= 



AB 



AB 

(;B~^/(AB' + AC') ^ 



AB 



V(^AB' + AB".^\ 



'(-^:) 



. ACB = .6555, and ACB = 



'Care musl be taken to avoid placing the catchwater tn 
direciion of tlie diagonal of ihe rectangle formed by 
ihe four wheels of a carriage ; in order to avoid the double 
ihock which would otherwise be caused by two wheels 
sinking into it at onc<'. 

A cheap suuslilule for a catchwater on '.i sleep slope is 
a moqnd oX earth, crossing the load obW^^V^. '\'«at' 
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also seire as a 
reeting-place on 
the ascent. It 
should be so pro- 
portioned, that 
carriages may pass it without inconvenience. 



Retaining, sustaining, revetment, and breast walls, as 
iheir various names import, are employed to support 
s of earth, and to resist their lateral pressure. Their 
use, when a road passes along a steep hill-side, has been 
already explained. In passing through villages also, where 
land is valuable, a narrower space will suffice fpr a road 
;n excavation or embankment, if retaining walla be sub 
sti luted for side-slope a. 

The calculation of the necessary thickness for retain- 
ing walls, to enable them to resist the thrust of the earth 
which ihey are intended to support, is a problem of con- 
siderable intricacy of invesligalion, as well as one of much 
uncertainty, in consequence of the numerous and greatly 
varied data required. 

When a wall, of rig. 103. 

which ABCD is a £ 

transverse section, -^ 
supports a mass of 
earth, there is a 
certain triangular 
portion, ADE, of 
the earth, which 
would slide down- 
[ ward if the wall 




RETAIKINd WALLS. 

the wall with a force, varying with its height, its specifio J 
gravity, and the angle, ADE, at which the earth would l 
stand if unsupported. The wall may yield to its pressure I 
by sliding along its base, or along Bome horizontal course, I 
or by being overturned and revolving about the exterior J 
3ilge of one of its horizontal joints. The latter is ihs'l 
Doly danger to be feared in a well-huill wall. ■ 

The moal complete invesligation of tlie prohlerp of the proper 
thickness of retain[ng walls has been made by M. Poncelel in 
a Memoir,* of which a translation has appeared in the Journal 
of the Franklin Inatiluto foi ISU. It contains valuable ta- 
bles as well 33 formuliE. Leto denote the angle with the rer- 
tical made by the line of the natural slope of the earth, and 
lepresenled by ADE in the figure. It will vary from 70°, as 
in the case of very line dry Band, to 3S°, aa in the case of 
heavy clayey earth. Let w denote the weight of any unit of 
the earth, and w' thai of the same onit of the masonry. The 1 

tqiecilus gravity of the former ranges between 1.4 and 1.9, ^^^H 
■ml that of the latter between 1.7 and S.S.f The ntio —, ia ^^H 
therefore usnally between | and 1. For the simplest oaae, ^^^ 
that in which the embankment does not rise above the wall, the 
foimulalt ^°' the thicknees corresponding to any height M, is 

*Tan. J « X iV \/~ ■ H. ^H 

This gives a stability of 1.03 to 1, or nearly doable that of a ^^| 
■Irict equilibrium. ^^H 



For ihe usual assumed mean values of a = 45°, and 
-~.=\, the formula jrives for the required thickness of 
die wall iVt, or a little over a quarter of the height. 



• iVo. 13 du Memorial de ra^citt da Genie. See abo Fbdmv ; Ri 
eherckei nir la Pauitet ia Terrei; aud Navies ; Le^Biu lur FAppli 
lien de la Meeaitiqve aux Carutructiont. 

t Navier. t Fonrolet, f) 1!!. 



J 
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Tho cxtieme limits in any case are from yVrsi "^ ^^^' 
fifth of the height, with compact carlh and heavy mason- 
ry, to y'lVn or not quite half the height, with loose earth 
and hght masonry." The precise thickness can be cal- 
culated by the preceding formula ; after noting the slope 
al which the earth naturally stands, and weighing a cer- 
tam portion of the masonry, and of the earth previously 
thoroughly moistened. 

When there is an embankment rising above the top of 
the wall, the proper thickness (in cases in which the height 
of the superincumbent load does not much exceed the 
height of tho wall) may be approximately obtained by 
substituting in the same fm-mula, instead of the height 
of the wall, the sum of the heights of the wall and of the 
earth above iut 

Thus far both faces of the retaining wall have been 
supposed to be vertical. But the same strength with a 
less amount of material may be ob- Ftg 104. 

laincd by various modifications of its 
section. 

The face of the wall may be ad>3n- 
tageously made to slope with a " bdtir," 
varying from ^'j, or \ incli horizontal 
to 1 foot vertical, to J, or 2 inches to 1 
foot. 

To find the mem thickneas of such a 
wall, which shall havo the same atabilily 
as another wall with vertical faces, and 
of the ihicltneBa oblained by the preceding rules, aubtraci from 
this given thickness fout-tenths of Ihe eniito projection of the 
bdtir.X Thus, if Ihe given thickness be 4 feet, and the helglu 
a feel, and Ibe corresponding mean thickness of a wall with 




• Poneelel, J 34. f Ibid. 5 32 
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■ MfiVof^ be desired, it will be 4 . —-,^,Xf}=4 . — .8=3.3. 
The bdlir is supposed not lo exceed one-fifth of the height. 
From the mean thickness, those of the lop and bottom a 
reaijilj deduced, koowing tho height and bdlir. 

Fig. lOS. 



The desired increase of thick 
ness towards the bottom of a wall 
IB often given by ofTscls at its 
back. Considerable resistance to 
the overturning of the wall is of 
fered by the weight of the earth 
which rests upon these offsets. 



Still more economical of 
masonry is a leaning retain- 
ing wall, in which the back 
has a bdtir, which may ad 
vanlageously be 1 in 6 In 
this case strength requires 
that the perpendicular let fill 
from the centre of gravity 
of the section upon the base, 
should fall so far within the 
inner edge of the base that 
the stone of the bottom coi 




i of the foundation may 



preaent sufficient surface to bear the pressure upon it.* 
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The strenglh of a viatl may be still farther iocreased by 
lessening its thickness, and employing the difference of 
the amount of masonry in buttresses or counler-forts, at 
tached to its back at regular intervals, and firmly banded 

Fig. 107. 



\J 



with it. The trapezoidal section for them is preferred, afl 
giving a broader base of union. Fig. 1 07 is a ground plan 
of such an arrangement. 

To lessen the pressure of an embankment, that portion 
of it next the wall should be formed in compact layers, 
inclining downward from the wall. Through ihe wall 
should be left holes {barbacanes) six inches higli and three 
wide, disposed, in the quincunx form, at distances of s 
feet horizontally, and four feet vertically, in order to give 
vent to the water which may filtrate through the bank. 

The masonry of a wail which has to sustain great 
pressures, requires much attention. The following is 
part of the specification for such walls of rubble ma- 
sonry on the public works of the state of New York. 
" The stone shall be sound, well-shaped, and durable, 
and of not less than 6 inches in thickness, and three feet 
area of bed. The smoothest and broadest bed shall J 
all cases be laid down, and if it be rough and uneven, all 
projecting points shall be hammered off ; and the same 
from the top bed, so as to give the succeeding stone a 
firm bearing. In all cases the bed shall be properly pre- 
paieA, by levelling up, before the next stone is laid, but 
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no levellers shall be placed uiider a stone by raising it 
from its bed. One-fourth of the wall shall be composed 
of headers^ which shall extend through the wall, where 
it is not more than two feet thick, and from 2 to 4 feet 
back for thicker walls. The whole shall be laid in hy- 
draulic mortar, composed of the best quality of cement, 
and clean sharp sand ; and particular care shall be taken 
to have each stone surrounded with moiUir, and the* 
•'oughly bedded in it." 
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IKFSOTEHENT OF THE SURFACE. 

" Next to the general ioflaence af the Beaaann, there !■ [lerliapB do cir< 
cumalBDce mors intereEtiog to men in a civilized Btate, than (he perfecltoit 
q( the mearu of intDnor commuaicatioQ/^ 

Committee af Houie o/Cominon., 1819. 

The surface of a newly-made road is generally very 
deficient inthe important qualities of hardness and smooth- 
ness, and to secure these attribules in their highest at- 
tainable degree, it is necessary to cover the earth, which 
forma the natural surface of the road, with some other 
material, such as stone, wood, &c. The benefits of such 
a process are twofold, consisting, 

1. In substituting a hard and smooth surface for the 
soft and uneven earth ; 

3. In protecting the ground beneath it from the action 
of the rain-water, which, by penetrating to it, and remain 
ing upon it, would not only impede the progress of vehi 
cles, but render tlie road too weak to bear their weight. 

Such a covering should be regarded, not as an arch to 
bear the weight of the vehicles, but simply as a roof, to 
protect the earth beneath it from the weather ; not as a 
substitute for the soil under it, but only as a protection to 
that soil to enable it to retain its natural strength. Erro- 
neous views on this point have caused very prejudicial 
practices, particularly in the case of broken stone, or 
McAdam-roads. 



Tbe varioua surfaces will be considered in the following 
t order ; beginning with ihe most imperfect, that of the 
EBnimproved earth, and ending with the most perfect yet 
f attained — that of Railroads. 

1. EASTS BOAUS. 

3. SBAVEL BOACS. 

3. BBOKEH STOITB, OB McADAM BOADE 

I FATED BOADS. 

S. ROADS OF WOOD. 

0. BOADB OF OTEEB UATSBIAI& 

7. aOADS WITH TBAOKWATS. 



1. EABTH B0AD3, 

Roads of earth, with the surfaces of the excavations 
and embankment unimproved by art, are very deficient at 
all times in the important requisites of smoothness and 
hardness, and in tbe spring are almost impassable. Butt 
with all their faults, tbey are almost the only roads in this 
country, (the scantiness of labor and capital as yet pre- 
venting the adoption of better ones) and therefore no pains 
^hould be spared to render them as good as their nature 
■will permit. 

The faults of surface being so great, It is especially ne- 
wssary to lessen al! other defects, and to make the road in 
bII other respects as nearly as possible " what it ought to 
lite." Its grades should therefore be made, if possible, as 
!8sy as 1 in 30,* by winding around the hills, or by cut- 
filing them down and filling up the valleys. Its shape 
FetiouM be properly formed with a slope of 1 in 20t each 

•SoBpsgo41, tPogoSl. 
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iih twelve inches shall pay none at all. The proportioni 
agree precisely wiiJi those deduced from observation by 
an ex])erienced English roudmaker.* The felloe should 
have a lint bearing surface and not a rounded one. The 
benefi",s of broad wheels are Bomelimcs destroyed by over- 
loading ihem. To prevent this, when tolls are collccled, 
they should bo increased, for each additional horse, more 
rapidly than the direct proportion ; thus, if one horse paid 
5 cents, two should pay II, three 17, &c. Narrow wheels 
are particularly injurious when in rapid motion, for having 
less resistance and greater velocity than others, they re- 
'i-olvc less perfectly, and drag more, thus producing llie 
worst sort of effect. Conical wheels, of which the inner 
is greater than t!ie outer circumference, tend to move in 
a curve, and being forced to proceed in a right line, exert 
a peculiarly destructive grinding action on the road. On 
McAdam roads, horses' feet exercise a more destructive 
effect than the wheels of vehicles, Jt has been calcula- 
tedt thai a set of tires would run 2700 niiles in average 
weather, but that a set of horses' shoes would bear only 
200 miles of travel.J 

• Peutold, p. 22, t Gordon on Locomoliou. 

t The imperfect Enrfuce oC au cojth road makea it doubly important 
to take flverj- preeanlion to \fteva the friction ot vehicles upon it. Tho 
TtnstHnce decreases as the breadth of tkt lire iucreates, on CDmpreBsible 
roadii, Be earlh, Band, gravel, Slc. ; trhils on paved and broken-slaue roada, 
tlio resislancB is nearly independont of tho breadth of tho tiro.' Cylia- 

wheele the less friction hnvo they, and tho greater {wwrr of leverage in 
overcoming ohgtacles. The fdrB'Wheela should bo as large as the hind ones, 
trero it not for couveuieuce of turning. The axlei should be tiraigkf, 
.nud not Ixut downward at the end, wiiich increaieii the friction, tliougli 
luu the advantage of throwing tho mud away from tho carriage. Tb» 
"* fhould be placed on the hind ichteli rather than on the Cm OOM 
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a. ORAVEL BOADS.* 

%e roundness of the pebbles, -which form ihc chief 
t of gravel, whelher from rivers or pits, prevents ihem 
from perfectly consolidating, except under much travel ; 
but still a grave! road, properly made, is far superior to 
one of common earth. Gravel from the shores of rivers 
is too clean for this object, and does not contain enough 
earthy matter to unite and bind together its pebbles, which 
are too perfectly water-worn, and freed from asperities. 
On the other handj gravel dug from the earth contains too 
much earth, which must be sifted from it before use. Two 
sieves should be provided, through which the gravel is to 
be thrown. One should have wires, an inch and a half 
or two inches apart, so that all pebbles above that size 
may be rejected. The other should have spaces of three 
quarters of an inch, and l!ie material which passes through 
it should be thrown nway, or employed for foot-paths. 
The expense of sifting will be more than repaid by the 
superior condition of the road formed by the purified ma- 
terial, and the diminution of labor in keeping it in order. 

The road-bed should be well shaped and drained. If 
it is rock, all projecting points should be broken off, and 
a layer of earth, a foot thick, should be interposed, or the 
gravel will wear away much more rapidly, and consoli- 
date much more slowly. 



4 



lang end pliant tpringi grenlly lessen tlia shock of pasaing over obsla- 
clea, and Ihoir advantage has been stated lo be equal Id one horse tn four 
The Urn a/ drmgkt tkould atcend at an angle of JS degieas, eo that 
when tlio horse leuw forward in polling, hia Tofcb will be exerted Deorlr 
neriionlallj. 
• Patnell, p. 170. Peufold, p 13. Amer. Railroad Journal, vol. fi. ^ 4. 



A coating of four inches of gravel should be spread 
over the road-bed, and vehicles allowed to pass over il 
till it becomes tolerably firm, and ie nearly, but not en- 
tirely, consolidated ; men being stationed to contimially 
rake ia ihe ruts, as fast as they appear. A second coal- 
ing of 3 or 4 inches should then be added and treated like 
the first ; and finally a third coating. A very heavy roller 
drawn over tlie road will hasten its consolidation. Wet 
weather is the most favorable time for adding new ma- 
terials. 

A very erroneous practice is that of putting the larger 
gravel at the bottom, and the smaller at the surfaoe ; for, 
from the effects of tlie frost, and of the vibration of car- 
riages, the larger stones will rise to the surface and the 
smaller ones descend, like the materials in a shaken sieve, 
and the road will never become firm and smooth. 

3. BBOEBS-STam: bo&ds. 

Broken-stone roads have been the subjects of violent 
partisanship on many disputed points, and the most im- 
portant of these questions relates to llie propriety or ne- 
cessity of a paved foundation beneath the coaling of bro- 
ken etones, McAdam warmly denies llie advantages of 
this, while Telford supports and practises it. Broken- 
stone roads may therefore be conveniently divided nito 
McAdam roads and Telford roads. 

McADAM ROAUS. 

Uc McAdam, who iirst brought into general use in 
England roads of broken stone, and'from whom they de- 
rive their popular name, is said* to have deduced the 

• HiillBTton, ^ 234. 
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leading principles of liia improved syaleni from his obser- 
valion of the passage of a heavy vehicle, such as a loaded 
slage-coach, over a newly-formed gravel road. The wheels 
siok in to a congiderable depth, and plough up the road, 
in consequence of tlie roundness of the pebbles, which 
renders them easily displaced. Hence ensues great fric- 
tion agiiinst the wheels ; which, moreover, are always in 
hollows wilh little hills of pebbles in front of them, which 
l.hey must roll over or push aside. The evil continues, 
until at last, after long-repeated passages of heavy vehi- 
cles, the pebbles have become broken into angular ftog^ 
ments, which finally form a compact mass. 

But since this is so desirable a consummation, the task 
of breaking the stones ought not to be imposed on th« 
carriages, but should be performed in advance by manual 
labor, by which it will be executed far more speedily, 
effectually, and completely. 

Hence is deduced the leading pnnciple of the system, 
viz, : ihat the stones should be all broken by lumd into 
angular fragments before being placed on the road, and ■ 
that no rounded stones should ever be introduced. 

In the next place, whenever a carriage -wheel, or horse'8 
hoof, falls eccentrically on a large stone, it is loosened 
from its place, and disturbs the smaller ones for a consid- 
erable distance around il, thus preventing their consol- 
idation. Therefore ?io laige stones should be ever en*- 
ployed. 

Small angular stones are the cardinal requisites. When 
of suitable materials of proper size, and applied in ac- 
cordance wilh the directions which will be presently given, 
ihey will unite and consolidate into one mass, almost as 
solid as the original stone, with a smooth, hard, and ua 
clastic surfaie, I 
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We will eEamine succeasivciy the proper 
Btonc lo be used ; the size to which ihey should I: 
ken ; the manner of breaking them ■ the t 
coating; the best method of applying the stone ; ofrolling 
the road ; of keeping it in order ; and of repairing it when 
in bad condition. 




The materials employed for a broken-stone road (often 
called the " Road metal") should be at the same lime 
hard and tough. " Hardness is that disposition of a solid 
which renders it difKcult to displace its parts among them- 
selves ; thus, steel is liarder than iron, and diamond al- 
most infinitely iiardec ihan any other substance in nature. 
Tiie toughness of a solid, or that quality by which it will 
endure lieavy blows without breaking, is again distinct 
from hardness, though often confounded with it. It con- 
sists in a certain yielding of parts with a powerful general 
cohesion, and is compatible with various degrees of elas- 
ticity."* 

Some geological knowledge is required to make a 
proper selection of the materials. The most useful are 
those which are the most difficult lo break up. Such are 
the basaltic and trap rocks, particularly those in which 
the hornblende predominates. The greenstones are very 
variable in quality. t Flint or quartz rocks, and all pure 
silicious materials, are improper for use, since, though 
hard, they are brittle, and deficient in toughness. Granite 
is generally bad, being composed of three heterogeneous 



• Sir John Herecliel. " DiBcouree ou IhB aludy of Natural Philoaophy." 
t The BreBoatoue of Bergen and Newark mounlain (near Now York) 
k good ; Ihnt of the eastern face of tlie Pallisadca abore Weehawben if 
Pliable to dBcompoaitiaa. (Ren wick, Fiaot Mechniu'w,?. 145.^ 
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.terials, quartz, felspar, and mica, tlie first of which is 
■itt!e, the second liable lo decompoBilion, and the third 
laminated. The sienilic granites, however, which con- 
lain hornblende in the place of felspar, are good, and bet- 
icr in proportion to their darkness of color. Gneiss is slill 
inferior lo granite, and mica-slate wholly inadmissible. 
The argillaceous slates make a smooth road, but one which 
decays very rapidly when weL The sandstones are toe 
soft. The limestones of the carboniferous and Iraiisitiuii 
formations are very good ; but other limestones, though 
ihey will make a smooth road very quickly, having a pe- 
culiar readiness in "binding," are loo weak for heavy 
loads, and wear out very rapidly. In wet weallier ihey 
are also liable lo be slippery. Il is generally better econ- 
omy lo bring good materials from a distance ihan to em- 
ploy inferior ones obtained close at hand. Excellent 
materials may be found throughout the primary districts 
of the United States. In the tide-water regions, soulh of 
New York, boulders, or rolled pebbles, must be employed. 

As the harder stones cost much more to break than the 
softer ones, the lower courses of the road may be formed 
of ihe latter, and the former reserved for covering tiie 

-face, which has Lo resist Lhe grinding action of liiu 



In alluvial countries, where atone is scanty and wood 
plenty, an artificial stone may be formed by making the 
clay into balls, and burning them till they are nearly vit- 
fified. The slag, or refuse, of iron furnaces, makes an 
kkeellent material. The stony or slaly pari of coal may 



• This ta tho praci: 
ing put Wow, and ci 
u iDUcb to break 






I 



INT OK THE SUUFACB. 




I Fig.lOB 



used near collieries. Cubes of iron hart; been 
idcd among ihe stoacs wilh some a^:' vantages.* 



SIZE OF THE ST0N8. 

The stone should be broken into pieces, which are ai(V 

nearly cubical as possible, (rejecting splinters and slices) 
iindthe largest of which, in its longest direiensions, can 
pass through a ring two cmd a half inches in diameter. 
In reducing them to this size, there will of course Fig. lOB 
he many smaller stones in the mass. These are 
ihe proper dimensions, according to Telford and ' 
Famem Edgeworth prefers IJ inches. Pen- 
foldX names two inches for brittle materials. If 
smaller they would crush loo easily ; but on the 
other hand, the less the size of the fragmems, the smaller 
are the interstices exposed to be filled with water and mud. 
The tougher the stone, the smaller may it be broken. 
rile less its eize, the sooner will it make a hard road ; 
and for roads httle travelled, and over which only light 
weights pass, the stones may be reduced to the size of 
one inch. 

McAdam argaea thai tlie size of the Blone used on & toad 
must be in due propnrlioa to Iho space occupied od a Binootli 
I level surface, hy a wheel of ordlnnrj dimensions ; and, as il 
r has about an inch of conlacE longiludinslly, therefore every 
stone in a road exceeding one inch in diameter, is puschieiou* : 
for Lbs one-sided bearing of the wlieel on a larger Gliiae wilt 
tend [a tuin il over and to looaen the nelghboriog malerlals. 
But this Btguinent proves loo much ; for however small ihe 
stone is, there must be a moment, jusl as the wheel ia leaving 
it, when the pressure is one-sided, and therefore tends lo ovet- 
tiuD it. Subsequently McAdam preferred the standard of 
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ht to that of size, anil mude sis ounces lli 
k. (conespODding for average maleriilB to cubes of 
3^ inches in their longest diagonal) direcling hii i 
cacr; a pair of scales and a 6-oz. weight, with wliiuh to trj 
the largcBt stones in a pile. The weight standard hss the ad- 
vantage, that the stones are amaller as ibey increase in Bpeci- 
fie gravity, to whtoh llie hardness Is generally proportional. 
He subsequently says that he had "not allowed any sloDS 
ahove ihree ouncea in weight (equal to cuhca of Ij ioches, or 
3 inches in their longest diagonal) lo be put on the Bath and 
Bristol Toads fur the last three years, and found the benefit in 
the smoothness and durability of the work as well as economy 
of repairs."* On eAminingoId roads he found that the aver- 
age size of the atones varied from seven to twenty- seven ounces 
in weight, and that " the slate of disrepair and the amount 
of expense on the several roada was in a pretty exact propor- 
tion to the size of the materiaJ used."t 1'he French en^^ineers 
value anijormily of size much less than McAdam, and call it 

t" rather an evil than a good." They therefore use equally ail 
Hiea from 14 inches to dusl.t 
Fig. 199, 



The wdght and shape of the hammer, 
and the manner of using it, arc of much 
importance, making a diffcrencq of at least 
10 per cent. Tlie head of the hammer 
should be six incbes long, and weigh about 
one pound; and the handle be tough and 
llexible, and 3 feet long, if used standing, 
or 1 8 inches, if used sitting, which is better. 
The laborer sits before the pile, and breaks 
the stones on it, or on a large concave stone 
B3 an anvil, on which the stones to be bro- 

■ Loiter of 1S34, in Am. Raitcoad .Touraul, Jan. 10, 
f Bywiem Bf Roadnwkiiig, 1625. \ «».-jffi»i. 
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ken are placed, resting only on iheir ends, so that, being 
struck sharply in their middle, they break into angular 
fragments. Children with smaller hammers can do the 
lighter work, so ihat a whole family may be employed. 
The workmen should nol be paid by ihe day, but at an 
equitable price per cubic yard. A medium laborer can 
break in a day from I^ to 2 yards of gneiss ; but only 
lo ^ yard of hard boulders, or " cobble-stones.' 



Twelve inches of well consolidatai materials on a got 
bottom, will be sufEcient for roads of the greatest travel, 
and will resist all usual weights, and frosts. In the cli- 
mate of France, ten inches is considered enough for the 
most frequented roads, and sis or eight inches for others. 
The thickness should vary with the soil, the nature of the 
materials, and the character of tlie travel over it ; it should 
be such that the greatest load will not affect more than 
the surface of the shell ; and it is for this purpose chiefly 
that thickness is required, in order ihat the weight which 
comes on a small part only of the road may be spread 
over a large portion of the foundation. The severe frosts 
of our northern stales require the maximum of depth,* 

McAdam advocates less thickness than the other Eng- 
lish constructors. He considers from 7 to 10 inches suffi- 
cient, calling the latter depth of " well consolidated mate- 
rials equal to carry any thing." He adds, " some new 
roads of six inches in depth were nol at all affected by a 
JFery severe winter ; and auolher road having been allowed 



■ SlauB broken into fragmenU of Croui 1 to 6 iuclies occuineB Iwioe 

BS much Bpace as in Ih- origiaul solid slile ; but tlie brolcen Bloue pikced 

Upon Uiu road is reduced by Uie preisure of Iho wlioels la twi-lliirdi 

■ ^-vmer bulk, or more exactly k 
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to wear down to only three inches, this was found suffi- 
cient lo prevent iho water from penetrating, and lliua to 
escape any injury by frost." He earnestly advocates tlie 
principle that the whole science of artificial road-making 
consists in making a solid dry path on the natural soil, 
and then keeping it dry by a durable water-proof coating. 
' The broken stone is only to preserve the under road 
from moisture, and not at all lo support the vehicles, lite 
weight of which must be really borne by the native 
which, while preserved dry, will carry any weight, and 
does in fact carry the stone road itself as well as the ca 
riages upon it." ..." The sione is employed to form 
secure, smootii, water-tight flooring, over which vehicles 
may pass wilii safety and expedition at all seasons of the 
year." ..." Its thickness should be regulated only by 
the quantity of material necessary to form such a flooring, 
and not at all by any consideration as lo its own indepen- 
dent power of bearing weight," ..." The erroneous. 
idea that the evils of an undrained wet clayey soil can I 
remedied by a large quantity of materials, has caused 
large part of the costly and unsuccessful expenditures i 
making broken-stone roads."* 

APPLICATION OF THE MATERIALS. 

"he road-bed, having been thoroughly drained, mu 
be properly shaped and sloped each way from the centre, ' 
so as to discharge what water may penetrate lo it, and not, "i 
as is often practised, be made level, and the < 
given by a greater thickness of stone in the middle,! 
Upon this bed, a coating of three inches of the clean bro T 
ken atones, free from any earthy mixture, is to be sprcatTl 
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IMPROVEMENT OF THE SURFACE. 

on a dry day. The travel is ihen to be admiued ou iQ 
men being stationed to rake in die nits aa soon as formed^ 
or a heavy roller used, tUl it becomea almost consolidated, 
but not completely so, (the detenninalion of tliis lime being 
a nice and important practical point) and a. second cool oi 
three inches is then to be added during a wet lime, as 
moisture greatly facilitates the union of llie two. A third 
coat is added as was the second, and a fourth if that be 
required. If the stone be very hard, and the wheeling 
very difficult, fine clean gravel, free from earth, may be 
spread over the surface ; but it is better foi the future 
solidity of the road to dispense with this, if possible. 

If a thick coat be laid on at once, there is a vexy grci 
destruction of the material before it becomes consolidal 
if it ever does so. The stones will not allow one anothei 
to be quiet, but are continually elbowing each other, and 
driving their neighbors to the right and to the left. This 
constant motion rapidly wears oil' the angular points, and 
reduces the stones to a spherical shape, which, in con- 
junction with the amount of mnd and powder produced^ 
destroys the possibility of any firm aggregation, and ti 
road never attains its proper condition of hardness." 

The broken slones need not be spread over a greatei 
width than from 12 to 16 feet, (except near large cities) J 
and " wings" of earth may be left on each side. Foe a | 
road Utile used a single track of 8 feel of the " metal" wiU 
suffice.! 

The perfect cleanliness of the slones is elrongljt jmisted o»*f 
bj McAdam. Ha directi tlie broken slones to be very oarelul^, 
kppt perfectly free from any niixiure of earth, or any mattei 
which will imliibe water, or bo affected by frosl ; since roads.. 
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with Buch a mixture become louse in wot weather, and al- 
low the wheela orcxniages tu dis[ila(^e the materials, and lo cut 
through lo iha original soil, thus making the roads rough and 
rutty, the admission of water baing the great evil. He adds 
th&t nothing must bs iaid on the clean slone under the pretence 
of " bindiog ;" for cle»a broken stone will combina by its own 
anglts into a smooth, sdid surface, which caumit bs aflected 
bf vicissitudes ol' weather, noi displaced by tlic action of 
wheels. 

The French engineers consider this cleanliness as unneces- 
sary, since the travelling on the road very soon pulverizes the 
laalerialB, and fills the interMices with dust snd mud ; though 
it might be replied that thia took place onlv on the surfuce. 
Some of them, observing the targe amount of vacant space in 
ADiasB of broken stone,* have even proposed to combine wiih 
it in advance a certain proportion ofcalcarcous atonc.f or even 
cloy and aind.J just auflicient lo fill up the existing vacancies. 
This would doubtless make a road tohrabli/ lit far use much 
BODQei than the regular plan, but its permeability lo water 
would entail on it all the evils mentioned in the preccdicig par- 



* A cubic metre of broken stones, plBced in a water-tight box, 
which they juBt fill, can reCBlvB in the empty spnces botweeu tlio 
(ragmenls a votunie of watsr = -i^g, or neady one-half of the wliole, 
tha actaal BDlidity of the stones beiug Ihercforo only ^g'g. I'hia dors 
not vary for stonsB {roiB 1 to 8 iuobea insiie. After prolanged travel 
it locrcoBes to j^-j^j leaving a void af only jVr. For rolled pebltlea 
and sud the actual »lldity nuiy be as much as y^^. Foe perfect 
■pheres, calculaltan sliaws that the solidily of a maai a( them in- 
creases as their diameter decresaes. Tliua, ifa cuUe metre bo filled 
with spheres 4 inches in diameter, their »lid voiome will bo ^j ; if 
tkey Bi« 1 inch iu dJamBter tbnr volume is ^j^^ ; and ir uuly ^^ inch, 
it iiTaV Pobblea by theory, as weU as hy the experiment abov* 
oiled, wouLl be iiittrmcdiiite between broken stoues aud spheres.' •• 
(GaylTier, pp. 301 lo 214.1 

1 M. Polonci-an. M. Girard de Cnudombefg. 
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The use of a very hnavy roller will much facilitate 
coiiaolidalion of the road, A plan highly recommended 
is to have a roller made of a hollow cylinder, of cast iron, 
or covered with iron bands, seven feet in diameter, and 
tire feet long. A strong axle passes through its length, 
lis ends are closed, and two interior partitions, perpendic- 
ular to the axis, divide it into three cquaE chambers. A 
longitudinal band of the surface, a foot wide, can be de 
tached, so as to give access to the interior spaces, which 
are filled with gravel, one or all of them, according lo the 
weight desired. The empty cylinder weighs 7000 lbs. 
each compartment filled with gravel adds 4j000 lbs. 1 
llic weight ; so that the entire weight may be made suc- 
cessively 7,000 lbs., H,000 lbs., 15,000 lbs., and lO.OOOi 
lbs. To compress a new road, ten or twelve strong korsei 
should be attached, on a wet day in summer, to the empty 
roller, and draw it several times over every part of the 
road, till the materials have been so far compressed as not 
lo form a ridge in front of the roller. Then the middle 
division is to be filled with gravel, (moistened, to give it 
solidity) and the roUing resumed till the draught is so much 
lessened that the end divisions can be filled, the middle 
one being emptied at first if necessary. There should be 
an excess of power in the horses, so that they may do 
less injury by the violent pressures of their feet. Every 
part of the road should be passed over from 40 to 100 
times. To increase the stability of the compression ob- 
tained, an inch of gravel should be spread over the surface 
and passed over by the roller a few limes. If l!ic weather 
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be dry, ihe surface should be watered. The season shoul 
be sumincr, that ihe road-bed may be dry, and tlie dayb 
wet, to ensure a moist surface, which facilitates the binda^ 
ing of the materials. 

When the rolling has finished the compresaion, tlie ,, 
road is still very different from one which has borne the 
traffic of many years ; for although the materials are 
strongly pressed against one another, and have taken 
a stable position, they have not acquired the adhesion 
which lakes place after a aeries of years. The new road, 
therefore, needs for some time most careful attention. 
The travel must finish it by being forced to pass o 
every part of it uniformly, heaps of pebbles being place* 
very irregularly, so as to direct the vehicles successively 
on all the points of the road. Every rut, and the slightes 
hollows and elevations, must be promptly removed by a 
liberal supply of laborers, whose work will, however 
have been greatly lessened by the previous rolling, 
must rake over every inequality of surface the moreieoi 
^b>t it is formed. 
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■^ KEEFINO UP A ROAD. 

This is a very different thing from " repairing a road," 
though the two are often confounded. A due allenCion to 
the former will greatly lessen the necessity for the latter. 
The former keeps the road always In good condition ; the 
latter makes it so only occasionally, after intervals of va 
rious length, during which it is continually deteriorating 
in a geometrical ratio, so that the better the state in which 
the road is kept, the less arc the injuries to it, and ibere- 
fore, tfie less the expense of keeping il in this excellent 
condition. 

" Keeping up the road" requires the daily attention u 
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a permaQeot corps of Inbottn. Supposinff the i .ad (o be 
already in good condition ; thai is, in proper sltape, and 
free from holes, ruts, mud, and dust ; lo keep it so, n- 
qiiirea iwo fundamental operations : 

1. Tiie continual removal of the daily wear of tbe ma 
tcrials, whether in the shape of mud or of dual ; 

2. The employment of maleriols to repUce those 
removed. 

The first operalioo requires hoes and brooms. The 
hoea should be Uiree feet long, and of wood, as ircm ones 
would be more likely to loosen the stones. The ligliler 
dust and more liquid mud must be swept oif by birch 
brooms. The detritus between the little projections of 
the stones should not be removed by too thorough sweep- 
ing) as it protects them from immediate crushing, and 
preserves their stability. Tiie broom is also necessary to 
remove every trace of wheels, the moment they have 
passed, so as to oppose that liabit or instinct of horses 
which leads them to follow in tlie track of the preceding 
vehicle, and which would soon convert unremoved tracks 
into ruts. The broom and hoe have then a double end 
to be accomphshcd by the same operation, viz., effacing 
tracks and removingdetritus. Very effective macbmes have 
also been constructed for accomplishing these purposes.* 

The second operation of applying new materials de- 
mands several precautions. To prevent a w«ak place 
from being neglected because the materials are not at 
hand, ihoy should be kept in depots, never more than a 
quarter of a mile apart, and carried thence in barrows. 
They sliould be applied after a rain, as then they will 
more easily unite, and no coat, thicker than one stone, 

• Reads aai Rallmadn, p. 91 




abould ever be applied at any one lime. A cubic yard 
a superEcial rod will be quile enougli ai once. They will 
ihsD soon become incorporaicd without having their angles 
worn out by motion, and will be of eib much 
double the ihickncsa applied al once. To avoid retarding 
the travel and increasing the draught too much, a ne' 
coat should not be put on any continuous space large 
ijian six or seven square yards, If several depressioi 
are found, very near each oilier, cover the worst, and at> 
tend to the next after the first has become solid. Tin 
ruls which are formed should not be filled with I( 
stone, for this would make longitudinal ridges of hardei 
material, but " the laborer should work the rake back- 
wards and forwards on each side of the rut and across it ; 
and if he do it with bis eyes shut, he will do more good, 
than by taking pains to gather all the stones he can find to 
place in il."" 

The number of men required by tlits system of coih 
slant walchfulnesa may at first seem an objection to it^' 
but ihe expense will be amply repaid by the advaniagea 
obtained. Each laborer should have a certain length of 
the road assigned to his especial care, and the most intcl' 
Jigent and trustworthy among them should be made 
inspectors over the others for a certain distance. At 
limes unfavorable for work on the road, they should be 
employed in breaking slonc. The labor of one man will 
keep in repair three miles of well-made and well-drained 
road, for tlie first two years after its formation, and four 
miles for the nest two years, by constantly spreading 
loose stones in ihe hollows, raking them from the middle 
to the sides, openiug the ditches, &c. la the fiftb yew 
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■ome repairs, " wilh lifliiig," may be necessai-y, as ex 
plained under the next head.* 

It wilt be seen by Morin'a table, on page 63, that the 
friction or resistance to draught on a road wilh deep rut» 
and thick mud, is four times as great as on one in good 
order. This shows the importance of very perfectly 
*' keeping up" the road. An incidental advantage is, that 
ihc prompt removal of ihe mud after every shower will 
prevent the annoyance of dust, so general an objection to 
McAtiam roads, but not at all their necessary concom- 
itant. 

Where the materials of llie road are very brittle stone, 
they wear away very rapidly in dry weather, and their 
consumption may be much lessened by watering the road 
judiciously; not so htlle as to form a crust which adheres 
to the wheel, nor ao much as to make the draught heavy. 
A moderate use of the watering cart preserves the mate- 
rials from pulverization, and keeps them settled in their 
places, at ihe same time that the comfort of ihe traveller 
is greatly enhanced. This is particularly necessary on 
roads in this country during our hot and dry summers ; 
for afler a long drongiit the crust of the road sometimes 
becomes so dried out that it ceases to " bind," and per- 
mits loose stones to be detached from it, to the great 
injury of the surface. An excess of moisture must, how- 
ever, be avoided, since it increases the grinding power of 
tlie pulverized stones, as marble is sawn and jewels are 
cut with their own powder combined with water. 

The question may arise, whether the materials thus 
gradually added to the road, for ahmentation rather than 
reparation, are sufficient to make up for its annual loss, 

■ Ste Am. Railroad Joiirud, Miirch 13, 1847. 
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sad diminution of depth, wIjicIi is too amnll for direct 
measurement, Experimenia upon tliis point indicate thai 
the amount of materials annually consumed, and lliereforo 
lo be replaced, is one cubic yard per miie* for each " col- 
" or beast of burden passing over it. Others consider 
it only two-lhirds of a cubic yard.f 
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A road properly kept up by daily atteniion, needs no 
repairs ; but if it be put in order only at intervals, the 
injuries lo it, which have been increasing in geometrical 
progression, will render very serious repairs necessary. 
It will be found cut into ruts, deep holes, and irregular 
projections ; and often lower in the middle than at the 
sides. It must be put into shape, and restored to ils 
proper cross-section, by cutting down the sides, and filling 
up tlie middle part. Only a single thin coat of stone 
should be applied at a time, — not more than a cubic yard 
to a rod superficial. The surface of the old road may be 
lightly picked up, or " lifted," (with strong short picks) 
merely burying the point of the, pick one or two inches 
deep, so thai the new materials may be more readily 
united lo the old ones. This is especially necessary on 
declivities, to prevent the stones rolling down the slope. 

When the road to be repaired is one which had been 
originally fornied of large stones, and of superfluous 
thickness, no new materials should be brought upon it, 
but the old stones should be loosened with picks, gathered 
by strong rakes to the side of the road, and there broken 
to the proper size. The surface of the road having been 
put in proper shape, the broken stones are to be relumed 



• Dtnvn, Antialei dtt PonU H Ckauiics, 1843 t Gayffier, p. 23a 



i^^Q IMl'BUVEJiENT OF THE SUHFACE. 

to it, being scatiered uniforioly and thinly over ihc sui 
face. Only a small space of road should be thus broken 
up aL once, say six or eight feet in length, but the whoU 
width. The old plan of repairing would be U> 61\ up the 
holes with an additional supply of the same large male 
rials ; but the melhod hero recommended makes more 
work for men and less for horses, and produces a great 
saving in expense. 

The best season for repairing broken-stone roads is in 
the spring or early summer, when the weather is ncilhtr 
very wel nor very dry, for either of these extremes pre 
vents the materials from consolidating, and therefore pr" 
duces either a heavy or a dusty road. If made at this 
season, the roads are left in a good slate for the aunnner, 
and become consolidated and hard, so as to ba in a condt 
tion to resist the work of ihe ensuing wiqtsr.* 




I TELFORD BOADS. 

^ This name may be given to the roads of broken stone 
which rest on a peculiar pavement, as consiructed by Tel- 
ford, on the Holyhead road and elsewhere, and of which 
lie has given the following specificaiion for a width of 
iliirly feet. Fig. 110 is a section of the carriage-way of 
such a road. 

Fig. 110. 



' Upon the level bedt prepared for the road materials. 
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U-itittom course or layer of stones is to be aei by hand in 
I the form of a close, firm pavement. The stones set in 
ihe middle of the road are to be seven inches in depth ; 
at nine feet from tlie centre, five inches ; at twelve from 
liie centre, four inches ; aod at fifteen feet, three inches." ■ 
They are lo be set on their broadest edges and lengthwise 
across the road, and the breadth of the upper edge is not 
to exceed four incjies in any case. All the irregularities 
of ihe upper part of the said pavement are to be broken 
off by the hammer, and all the interstices to be filled with 
stone chips, firmly wedged or packed by hand with a ligjit 
hammer, so that when the whole pavement is finished, 
there shall be a convesity of four inches in the breadth of 
fifteen feet from the centre. 

" The middle eighteen feet of pavement is to bo coated 
virith hard stones to the depUi of six inches. Four of these 
six inches are to be first put on and v^orked in by car- 
riages and horses ; care being taken to rake in the ruts 
until the surface becomes firm and consolidated, after 
which the remaining two inches are to be put on. The 
whole of this stone is to be broken into pieces as nearly 
cubical as possible, so that the largest piece, in its longest 
dimensions, may pass through a ring of two inches and a 
half inside diameter. 

" The paved spaces, on each side of the eighteen middle 
feet, are lo be coated with broken stones, or well cleansed. 
Strong gravol, np to the footpath or otiicr boundary of the 
road, so as to make the whole convexity of the road six 
inches from the centre to the sides of it. The whole of 
the malerials are to be covered with a binding of an inch 

■ The curved BOctioa Ihiu obtsined, biu been ilionu, on ftge 50, to Iw 
la plaae tlopea en each (ide of the eenira 





and a half in depth, of good gravel, free from clay Oi 
earth." • 

The propriety of this foundation, ("Bottoming," i 
" Pitching") has been Uie subject of earnest controversy 
between the partisans of McAdam and those of Telford. 
The fallowing are the defects imputed to a road of brolcen 
stones, laid on earth, (especially clay) without any foun- 
dation. 

The weigiit of Tehicles forces the lower stones into the 
earth, which rises up into the interstices and forms a mix- 
lure of earth and stones which will always be loose and 
open, and never consolidate into a compact mass. In win- 
ter the water, which will penetrate, ia frozen and breaks 
up the road. After a thaw and in wet weather, the road 
is a quagmire, the wheels cut deeply into it, and some 
times through the entire thickness, so that it resembles o 
ploughed field. At the best, after a rain the semi-fluid 
soil will rise up lo the surface and form a coat of mud ; 
and after a drought the looseness of the stones will make 
them rub off their angles aud soon wear out. Nor will 
any thickness of broken stones thoroughly destroy the elas- 
ticity of the soil, the evils of which were shown on page 58. 

McAdam maintains that thorough draining will prevent 
all these evils, but Telford thinks that they can be re- 
moved only by ihe " bottoming," for which he claims tlie 
following advantages. 

Roads, being in fact artificial structures, which have lo 
sustain great weights and violent percussion, the first object 
must be lo obtain a permanently firm and stable foundation. 

This is effected by liie plan of " bottoming ;" for by it 
the pressure of the wheels is distributed over a large 



• Finiell, pp. 133-4. 
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Fipace. Suppose tlint ttie wheel touches and presses 

L Burface of 2 square inches. This pressure is carried lo 

Uie foundation stones, which rest at their bottom on a broad 

surface^ averaging 10 by 5 inches, or 50 square inches, 

so that each square inch of the soil receives only onc- 

j twenty-fiftb part of the surface pressure, and there is 

"* Uierefore no danger of the pavement stones being pressed 

■ into it, nor of l!ie soil being forced lo ooze up between 

f ihem. On a new embankment of soft earth it is best lo 

Why brush or furze, and place ihe pavement upon this. 

The advantages of this system are most striking when 

the natural soil is retentive of moisture, aswlien it is clay. 

The pavement then acts as an under-drain lo carry off the 

Water which may find its way through the broken-stone 

Surface. Even on a rock tins pavement may be laid with 

idvanlage, to form a clear floor. 

When tiie stones are properly set, and wedged with the 
stone cliippings, they will never rise to the surface." To 
avoid disturbing them, the carts which bring ihe broken 
r stone must not be allowed to pass over the foundation. 

From the moment that a road thus made begins to be 

^tised, it becomes daily harder and smoother, Tlie strength 

of the resulting surface admits of carriages being drawn 

over it with l!ie least possible distress to horses. The 

broken stones being on an immoveable dry bed, do not 

Large clones, plaoed under a. road and not iJlub wedged dows, will 
riably work up lo llie amfuce. Thus, over Brcdington Commou, 
Kiiglsnd, ihe whols ol llie arl^iiHl soil hod been covered at great ei- 
pnise with large flag-stoiicB, and llie mad -covering laid tipon tliem. Their 
kept the surface in a Iddw, opeli state, Ull, on the mad tieiag dug 
open, tbey wore found almoat aaliroly (urnerf upon their idgti, liavUig 
Ihcd actuig with the force of levers upon the road, which they bad made 
sink, withoQt the cause at such a depth l»iag sUBpecled.— • 
UtAdam. 
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mix with liie soil, and become peifecily united t 
■mo one solid mass. 

Tlic parts of the Holyiiead road formed with b 
roundalion, were unafTecled by a series of unusually si 
vere frosts, followed by thaws and heavy rains, while the 
piuts of it di^crenlly made, and other roads in tlie neigh- 
borhood, wece broken up, and " became as bad as a 
bog.'" 

A road thus constructed wiU in most cases cost less 
lan one entirely of broken stone ; for the course of foun- 

ition-stoncs may be of any cheap and inferior stone, as 
eand-stone, &c., which will bear weight, and not be de- 
composed by the atmosphere, but which would not be 
sufficiently hard and tough for the broken-stone covering. 
The cost of hammering and selling this pavement will be 
less than that of breaking up an equal mass, and the total 
amount of stone employed will be no more than would 
have been required for a road entirely of broken stone. 

But even if such a road cost more at first, it 'Would be 
cheaper in the end ; for, beside the saving of draught, 
stones laid on sucii a pavement last much longer than 
those laid on earth, two courses of tlic former outlasting 
ihree of the latter. The expense of scraping is lessened 
in the same or even a greater proportion. 

On the other hand, it is objected that, between the wheel 

above and the foundation-stone beneath, the broken stone 

ill be in a situation like that of the grain between two 

lillstones, and must therefore be more rapidly ground io 

der than if on a soft boltom.f But this will be pre- 

d by using harder stone for the surface than ibr the 

lation. 

■ Tclfoid Fint Report an Holyhaad madL 1 FeufoU, p 8 
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McAdam also JtiaintaJiis tlial llie malerinls last longci 
ifl and clastic boltom tlian an a hard one ; and in- 
ilances a road in Somcraetahire, where a part of it is 
" over a morass bo extremely soft thai when you ride in 
a carriage along the road, you see the water tremble in 
the ditches on each side," and is succeeded by a bottom 
of hmeslone rock, continuing for five or six mites. An 
exact account of the expenditure on each having been kept, 
it was found that the cost of keeping up the soft was to 
thai of tiie hard only as five to seven ; i. e. five tons of 
stone on ihe former woiild last as long as seven on the 
latter. But iliis seems an exceptional case, being con- 
trary to all other experience. Sir John Macneill testifies 
strongly that the annual taving of a paved bottom 
be one-third of the expense in any case, and that if 
diminished amount of horse labor were considered, it 
:ould be very considerably more than that.* 

An iitilteiaJ tulistitule for a pavement foundilion, BonBial- 
ing of a cimcreU, or composition of Roman cement and gravel, 
lias boen enipliiyed with great success un n wut and elastic 
soil, where every ihing else Lad failed, and where stones foe 
bottoming would hare been very expenfiite. The locality was 
Che Highgste Archway Road near London, in a deep cutting 
between two high banks of clay, where the soil was surcharged 
with water. Many attempts at draining had been made, and 
a great thickness of broken stone had been used, and subse- 
quently relaid on furie and pieces of waste tin. But the siooe 
mixed will) the wM clay, and rapidly wore away, becoming 
round and smooth, without ever consolidating, and the road 
WHS almost iaipaasalile. The Parliamentary Commisslaneis 
linally took charge of it, and Sir John Macneill succeeded in 
making a peilect road. Four longitudinal drains were made 
the whole length of the road, cross drains at erery 90 feel, ard 

■ Pamell, p. 163. 



IMPl 



EJtBNl OF THE SURFACE. 



inlermediste email ttrsins at every 30 feel under the cement.' 
On the prepared centre, of eighteen feet In width, after it bad 
been properly levelled, was put a layer, six inches thick, of 
the concrete, furmed of one pirl of lluinaa cement, one of 
sand, and eight of stunea. The sand and cement were mixed 
dry in a large filiilluw Itough ; the gravel was added ; as little 
water as passible was used ; and the whole mixtuie was then 
cast upon the ground. Before it had set, a, triangular piece of 
wood was indented into the surface, ao as lo leave, at every 
four inches, a triangular groove for the broken stones lo lie 
in and fasten into. These grooves fell three inches from the 
centre to the sides t)f the toad, in order to carry off any water 
which might percolate through the broken atones above it. Six 
inches of these were laid upon it when it had suQiciently hard' 
ened, (which was in about lifleen minutes) and the sides or 
wings were filled up with flint gravel. The concrete cost at 
that place SO cents per square yard six inches thick. The 
object was to attain a dry and solid foundation far the broLen 
stone. The result was an c:tcellent road, undisturbed by se- 
vere frusle, and on which one horse could draw as much as 
thiee in its original state. 

4. PAVED EI0AD3.I 

A good pavement should offer lillle resistance to wlieels, 
but give a firm foothold to horses ; it should be bo durable 
as lo seldom require laking up ; it shotild be as free as 
possible from noise and dust ; and when it is laid in ihe 
streets of a city, it should he susceptible of easy removal 
and replacement to give access to gas and water pipes. 

A. common but very inferior pavement, which.disgraces 
the slieets of nearly all our cities, is constructed of rounded 



■ Ser> Pirnell, pp. 157 and 160, and p!at« toSimms on Roads. 
1 Gaylfier, pp. 193-8 ; MarlettB.pp. 104-8 ; Jullieu,pp.316-18 ; pBmall, 
pp. 110-123, 348-359 ; Malian, pp. S9!K5 ; Joomal of Franklin Iiuti> 



I'Water-wom pebbles, or " cobble-alones." The best are of 
■gg-like shape, from 5 lo 10 inches deep, and of a 
diameter equal to half iheir depth. They are set with 
their greatest length upright, and ihcir broadest end upper- 
most. Under lliem is a bed of sand or gravel a foot or 
two deep. Tliey are rammed over three times, and a layer 
of fine gravel spread over tliem lo fill ihcir interstices." 

The glaring faults of this pavement are that the stones, 
being supported only by the friction of the very narrow 
space at which ihey are in contact, arc easily pressed 
down by heavy loads into (he loose bottom, Uius forming 
holes and depressions ; and at best offer great resistance 
to draught, cause great noise, cannot be easily cleaned, 
and need very frecjucnt repairs and renewals.! 

The pavement which combines most perfectly all desira 
ble requisites, is formed of squared blocks of stone, rest- 
ing on a stable foundation, and laid diagonally. 

We will examine successively llie merits of different 
foundations ; the qiiaiily of stone preferable ; their most 
advantageons size and shape; their arrangement; the 
manner of laying them ; iheir borders and curbs ; theii 
aiJvantages ; and iheir comparison with McAdam roads. 



* Tlie fallowing is part oClbe BpcciAcatiou fortho Novr York pavemenl: 
" The paving stnnes must bi> heavy and Iierd, nud Dot less than nii iDcliei 
in depth, nor more than ten incheH in any liircctian. Stones of nmilai 
size US to be placed together. They are to be bedded endwise io good 
clean gnrol, Iwelre inchsB in depth. They shall all he eel peipRndicularly 
and closely pared on their ends, and not be sot i>n Iheii sides oi edges in 

t The c<Ht of moh a psvemeut ft 
to to T.^ cenb pet sijuore yard ; for ir 
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Tlie wfinl of a proper foundation is one of the mort 
frequent causes of ihe failures of pavements. A founda- 
tion should be composed of a sufficient thickness of some 
incompressible maierial, which wiil effeclually cut off 
all connection belween llie Bnbsoil and the bottom of the 
paving-stones, and shoald rest upon a vfell-drained bot- 
<m, for which in cities a perfect system of sewerage is 
idispensable. The principal foundations are those of 
td, of broken stone, of pebbles, and of concrete. 
Foundations of sand, — This material, when it fills aa 
ircavalion, possesses the valuable properties of incompres- 
sibility, an<t of assuming a new position of equilibriuni 
and stability when any portion of it is disturbed. To se- 
cure these qualities in their liigliesi degree, the sand 
should be very carefully freed from the least admixture of 
earth or clay, and the largest grains should not exceed 
one-sixth of an inch in diameter, nor the smallest be less 
than one-twenty-lifth of an inch. The bed of the road 
lould be excavated to the desired width and depth, and 
shaped with a slope each way from the centre, corres- 
iding with that which is to be given to the pavemeni. 
'his earth bottom should be well rammed, and a layer of 
ind, four inches thick, be put on, be thoroughly wetted, 
be beaten with a rammer weighing forty pounds. 
'wo other layers are to be in like manner added, and the 
■mpression will reduce the thickness of twelve inches lo 
jht. The number of layers should be regulated by the 
laracter of the subsoil. Two inches of loose sand are 
be then added to fill the joints of the stones, which may 
now laid. The pressure of loads upon these stones is 
■ead by the incomprcsBible sand over a large surface 



vi tbe earth beneath. Una is the famriie syBtoai ia 
France.* 

Foundations of broken sUme. — ^A bed » lo be 
ted, deep enoi^ to alloir twelve ncfacs of brokea 
to be placed und^ the paToneiit. A kjer of fonr 
is first pot OB, and the stiecc then opened for nniifcri to 
pass through k. When it has become finn and cobboIi 
dated, another layer of fJMir inches is added and wofkcd 
in as before*; and finaUy a third layer ; aukiaig m fact a 
complete McAdam road. Upon it the dressed paviag- 
slones are seUt This method, though effideal, is voy 
inconveoient, from the length of time which it 
and the difficult of draught while it iy in pragfcas. 

FoundaUoms 4jf pebbles, — Such a pebUe pai 
IS described on page 217, resting itself on sand, gnncly or 
broken stones, has been leoommended to be adopted as 
the fonndaticMi of the dressed Uocfc pavement, fior sucets 
m which there is a great deal of tixvel4 

Foundations of Comcrete, — Conciele is a moHar of 
finely-pulverized quicklime, aand, and grard, which 
mixed dry, and to which water is added to bring tbe 
to the proper consistence. It moft be used immediaiely. 
BeUm (to which the name of Concrete is often impnfeiiy 
given) is a mixtur e of hydraulic mortar vrith gnvel or 
broken stone ; the mortar being first prepared, fine gravel 
uicorporated with it, the layer of broken stones mbm^- 
quenlly added to a layer of it 5 or 6 inches thick, and dK 
whole mass rapidly brought by the hoe and sbovd fo a 
homogeneous state. Three parts rf sand, one of 
hydraulic lime, and three of bndten stone is a good pso* 
oortion. ▲ miztuie of one pott of Roman cement, one of 
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•and, and eight of stone, has also been employed very 
Buccessfully. Beton ia much superior to Concrete for 
moist localities.* 

The excavation should be made fourteen inches lowei 
than the bottom of the proposed pavement, and filled wiili 
that depth of the concrete or beton, which sets very rap- 
idly, and becomes a hard, sohd mass, on which a pave- 
ment may then be laid. This is, perhaps, tlie most 
efficient of all the foundations, but alsu the most costly ai 
first, though this would be balanced by its permanence 
and saving of repairs. It admits of access to subterrane- 
ous pipes with less injury to the neighboring pavement 
than any other, for the concrete may be broken through 
at any point without unsettling the foundation for a con- 
siderable distance around it, ns is the case with founda- 
tions of sand or broken stones ; and when the concrete is 
replaced, the pavement can be at once reset at its proper 
level, without the uncertain allowance for settling which 
is necessary in other cases. Tiie blocks set on the con- 
ciete are usually laid in mortar. We will examine pres- 
ently the propriety of this. 

qOALlTT OF STONE. 

The stone should be of a kind which will not wear 
emooth, but which will always remain rough on tlie sur- 
face. Many varieties of granite arc of this character, and 
are therefore very suitable. The hardest stones arc the 
best, and their specific gravity is a tolerable test of theii 
hardness. The hardest stones will also absorb but j^j 
af their volume of water ; lender ones will absorb ^^. 
The hardest stones also, when struck by a hammer, give 
I clearer and more ringing sound than soft ones. Tender 

■HihaD, jklQ 
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stones may be made mucli more durable by plunging 
ihem in boiling bitumen, which penetrates liieir pores aud 
prevents them from absorbing water, which is the most 
powerfijl agent in their disintegration. 

m SIZE AND SHAPE. 

^ The size of the stones should be proportioned to the 
number aud weight of the vehicles which wi!l pass over 
them, and as each stone is liable to have resting upon it 
the entire weight borce by one wheel, it should be large 
enough to sustain this weight without being crushed, or 
depressed. It should also be no larger than a horse's 
hoof, so as to prevent any slipping upon its surface, even 
where unbroken by joints ; but the fulfilment of the first 
condition will generally make this impossible, and the se- 
lection of a proper quality of stone will render it unneces- 
sary. If stones of different dimensions are admitted, they 
should be assorted, and only those of the same size should 
be used near each other, or the small ones will sink be- 
low the rest, and the depressions thus formed will be in- 
creased by every passing wheel. It is therefore very 
desirable that lliey should be uniform in size. Cubes of 
eight inches in every direction seem to combine most of 
these requisites. They should be very slightly tapering 
towards their lower ends, thus making them truncated 
pyramids.* If they are much larger than this standani, 
the weight of a wheel coming on one end of one of them, 

i_will tend to depress it and to elevate the other end, so 



, <■ Blocki of this size cost in Fhilaclelphia delivered on the atnel, 9^.75 
per aqunre yard of Buiface. Laying a lisd of giuvel 15 Jnche) deep, set- 
Liug tlie Btone, Slc., cost 5U ce[its more, nuking the entire coat ol UlR 
pavemaut g3ii& per square yud. 



that such large stones would be less firm liian siDdllei 



Hexagonal blocks have been suggested, and would 
form a more compact mass than those of any olher s 
|put their superioriiy in this respect would probably not 
compensate for the extra cost of cutting them. 
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The rectangular stones may 
be laid in continuous courses 
Hcross the road, but so as to ' 
" break joints" in the direction , 
nf its length, as shown in Fig. 
111. It has been observed, how- 
ever, that when stones are laid, as is usual, with their 
joints parallel and perpendicular to the direction of the 
road, they wear away moat rapidly upon the edges which 
run across the road, since these receive most directly the 
siiucks of the wheels, and that the stones thus become 
convex. To prevent this, and ^>S- "2- 

to secure equal wear, lliey 
should be laid so that the joints 
cross the road obliquely, ma- 
king an angle of 45° with the 
axis of the roadway. One set 
of joints may be continuous, 
but the others should break 
joints, as in Fig. 112. 

Oblong stones are preferred by the French engineers, 
with their upper surfaces nine inches by live and a half. 
They should be laid, (if not diagonally) so that their great- 
est length is across the street, their narrowest dimension 
bein^liiAl passed over by ihewheeU. The-j Uwia offer lew 




resiKlance to draught than cubical 
icks, according to ihe experi- 
menls of Morin. 

In the Bteep streeta of Genoa 
the stones are laid in oblique 
courses, pointing up the aseent, 
and meelingal an angle in the cen- 
tre. The continuous joints, which 
descend to the itgbt and to the 
left, facilitate the discbarge of the 
rainwater. 




The lop surface of the foundation (of whatever mate 
rial it may be) which forms the bed for the paving- stones, 
is to be shaped, as directed on page 50, sloping each way 
from ihe centre, with inclinations ranging from 1 in 50 to 
1 in 100, flatter in proportion to the smoolhness of the 
surface. The stonca should be so set that the joints be 
tween them will not exceed one quarter of an inch. But 
as they are not cut regularly enough to touch on every 
part of their surface, some substance must be interposed 
to fill up the vacancies, and to enable them to support 
each other. Mortar is used for this purpose on founda 
tions of concrete, and even on those of sand and broken 
stone. Sometimes gravel is put between them, and <i 
grouting of lime-water poured in. Iron chippings are 
added to the gravel to increase the adherence. But no 
adherent compound, such as these, can resist the con- 
tinual vibrations and play of the pavement. Some other 
substance should therefore be employed, which will 
change its posiliou of equilibrium, and never cease to SHi 
up the spaces betwee i the stones, vjVva.'Uwe.t ^■acJsb "^iiS^ 
15 
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may receive. Such a substance 19 pure sand. Tb« 
quality necessary lias been indicaled on page 318. 
coaling of an inch shoild also be spread over the stoncB 
When ihe foundation is any thing but concrete, the paving 
stones must be rammed, alter a certain portion has been 
laid, with a maul weighing 60 lbs., and those which break 
under this must be replaced, and those which eink, taken 
up and reset. 



When the paved road forms the middle portion, or 
causeway, of a wider road, with wings of earth or broken 
atone on each side of it, ils edges must be supported 
against the lateral thrust of the stones, by borders of larger 
blocks, 9 or 10 inches wide, 13 to 18 inches long, and 13 
inches deep. They are laid as headers and stretchers, so 
as to form a bond with the pavement Their outer edge 
should also have occas onal project ons into the w ngs, so 
that a rut may not I e ll ere formed 

When the pavement s a c ty street, the carb-stoneB 
should be long blocks " 

Thereshouldbe o gut ^. -^^ "^ 

tor or other cl annel than 

that formed as n the 

figure, by the n eet ng of 

the inclined pavement w th the curb stone wl ch should 

riseGorS nchesabo e tl epaveiient,andbBsu k as deep 

into the ground as poss blc The foot pa>cmcnts should 



' In ths spDciliciitionE Tor llio Now York pavenii 



le Dot lera Ihan 3 feet 



■ thun tliree feet lo 



. tluck, and J4 Jncb» wi4B 
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incline towards the street at the late of one inch i 
feet, or 1 in 120.' 



The advantages of such a pavement are its smoothnesB 
and imifonnity of surface, enabling vehicles to be drawn 
over it with ease lo ihe horses, comfort to the passengers, 
and but little wear and tear of the carriages, which can 
"je therefore made much lighter than at present. At the 
same time it gives a good foolhold to the horses ; causes 
very httle noise, yet enough to warn tlie foot-passengera 
of the approach of a vehicle, and is very easily cleaned 
of the dirt which may collect upon it. It is also vary 
durable, thereby rendering unnecessary the frequent stop<>< 
page of a Blri'cl for repairs ; and though at first jnorai-* 
expensive than cobble-atones, is finally far more eco- 
nomical. 



PAVED AND HoADAM ROADS COHFAR.ED. 

McAdam maintains that his roads arc preferable to'' 
pavements, even for the streets of cities. He argues thai' 
they are cheaper, as requiring no more stone than pai 
nients, admitting an inferior quality, and costing less : 
repairs ; and that they give greater facility of travelling, andr ■ 
cause less annoyance from dust, when properly swept a. 
watered. But experience in the streets of London shows^ 
the cost of broken-stone roads to be far greater [harf 
pavements, to which they are inferior in every respeci-t 
The result of very full discussions at the Civil Engineers' 
Institution was, that a whin or granite pavement, of proper 
form and depth, laid on a. sound bottom, is preferable f 
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any other plan for carringeways in llie metropolis and 
other large cities. The objeclions to the broken-alone 
roads are that ihey cannot resist ihe pressure caused by a 
Tcry great intercourse, being liable to be thereby crushed 
and ground into dust, which is easily converted into mud ; 
that this hasty and continual destruction and renewal 
would, in a great city, prove intolerably troublesome and 
expensive, while the dust in dry weather, and the mud ir 
wet, would greatly incommode the intercourse in the 
streets, as well as private dwellings and public shops. 
The surface of broken stone is also more injurious to Uie 
feet of horses ihan a good pavement, and less easy for 
their labor ; and the expense of making and maintaining 
the former would be at least fifty per cent, more than the 
latter." 

ROHAN ROADS. 

The ancient Roman roads, which, even at the present 
nay, after the lapse of nearly two thousand years, may be 
traced for miles, as perfect as when first constructed, 
were essentially dressed-stone pav&menls, with founda- 
tions of concrete, resting on sub-pavements. The most 
perfect modem constructions thus appear to be only im- 
perfect and incomplete imitations. The direction and 
length of the intended road were marked out by two 
parallel furrows, from the space between which the loose 
earth was removed. The foundation of the road {Statu- 
men) was composed of one or two courses of large flat 
stones, laid in mortar, a bed of which was iirst spread 
over the earth. Next came a course of concrete (Rtidus) 
formed at broken stones mixed with quicklime, and 
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pounded with a rammer. If the stones were 
broken ones, three parts of them were mixed with 
quicklime ; if they were from old buildings, two parts of 
lime were used to lliree of the rubbish. The third course 
{Nucleus) was composed of broken bricks, liles, and pot- 
tery, mixed wilh lime, which formed one-fourth of Uie 
whole. The mixture was spread in a thin layer, and in it 
were imbedded, so that their top surfaces were perfectly 
level, the large blocks of stone (Summa crusta) v/hich 
formed the pavement. These stones were irregular poly- 
gons, usually wilh 5, 6, or 7 sides, rough on their under 
side, but smooth on top, and so perfectly fitted together 
that the joints were scarcely perceptible. The entire 
thickness of the four strata was about three feet. When 
ihcToad passed over marshy ground, ihe foundation 
stones rested on a framework of timber, (made of a 
species of oak not subject to warp or shrink) and to pro- 
tect this from the lime, it was covered with a bed of 
rushes or reeds, and sometimes of straw. On each side 
of the road were paved footpaths, and parapets ; with 
stones at regular intervals for mounting on horseback 
Milestones marked the distances to all parts of the empire 
from the Milliarium aureum, a gilt column in ihe F( 
of Rome. 

Thfl Man ravtmettt, (uBmed from ila introdnoer.) in Now York, 
BtriicleJ thiia :— 'Din street (BronJwnj) is graded witli a crown of 7 i 
^. GnnitB chips ere Bpreftd orer [his, «nd nunmed down flush wilb the 
enrth. A cencreta foondaliont fi inches thick, is formwi in rectan^tac 
MCtioDB. It contains t pari of RosendBio camenl, 3] parts of clenn 
coarse snad, SJ of broken sfono, and 2 of gravel. On il rest reelangnlac 
blocks of sienitic granilo, JO inches deep, 10 lo 18 long, and 5 to 13 wide. 
They ans laid diagonally, at angle* of 45= with the tins of the street, and 
ihaped comparlniBnts. Lowia hirfe* in curtain 
inder Uiem, gi»o jiasy sccmb lo water and gn« 
liona 4 feet long, aiid 3} wide. The contract 
IS $5,50 per Bqiioro yB,td of pavement. 
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The abundance, and consequent cheapness, of wciod 
in our new country, renders its employment in Road- 
making of great value. It has been used in the form of 
logs, of charcoal, of planks, and of blocks. 




When a road passes over soft Fig. 115. 

swampy ground, always kept moist ^^■^'3^^^ 
by springs, which cannot be drain- 
ed without too much expense, and 
wbich is surrounded by a forest, it 
may be cheaply and rapidly made 
passable, by felling a sufficient 
number of young trees, as straight 
and as uniform in size as possible, 
and laying Uiem aide by side across 
the road at right angles to its length. 
This arrangement is well known 
under the name of a " Corduroy" road, of which the 
figure gives a lop and end view. Though its successive 
hills and hollows offer great resistance to draught, and 
are very unpleasant to persons riding over it, it is never- 
theless a very valuable substitute for a swamp, which in 
its natural slate would at times be utterly impassable. 
But necessary and desirable as these roads may be to 
accomplish such an end in the infancy of a settlement, 
their retention upon a great thoroughfare is a disgraceful 
proof of indolence and want of enterprise in those who 
habitually travel over them ; though several such instance! 
might be specified. 



► _..„ . 
OBARCOAL ROADS. 

A Tery good road lias been lately made through a 
swampy forest, by felling f.nd burning the timber, aiid 
COTSring the surface with the charcoal thus prepared. 

"Timber from six to eighteen inches through ia cut 
twenty-four feet long, and piled up lengthwise in the 
centre of the road about tive feet high, being nine feet 
wide at the bottom and two at the lop, and then covered 
with straw and earth in the manner of coal-pits. The 
earth required to cover the pile, taken from either side, 
leaves two good-sized ditches, and the timber, although 
not split, is easily charred ; and, when charred, the earth 
is removed to the side of the ditches, the coal raked 
down, to a width of fifteen feel, leaving it two feet thick 
at the centre and one at the sides, and the road is 
completed." 

A road thus made in Michigan cost $660 per mil* 
and is said to be very compact and free from mud 
dust. At a season when the mud on the adjoining earth 
road was half axletree deep, " on the coal road, there was 
not the least standing, and the impress of the feet of a 
horse passing rapidly over it was like that made on hai^ 
washed sand, as the surf recedes, on the shore of llie laktf^ 
The water was not drained from the ditches, and yet ihci 
were no ruts or inequalities in the surface of the 
road, except what was produced by more compact pack' 
ing on the line of travel. It is probable that coal wi 
fully compensate for the deficiency of limestone and gravel 
in many sections of the wcsl, and, where a road is to be 
CDDsInicled through forest hind, that coal may be 
a fourth of the expense of limestone." 

Two such roads in Wisconsin were let by contract 
SI.56 and $..62^ per rod, 01*499 ani %&'itJ ^e,t 
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PLAITK KOADS. 

Plan md Cross Section of a Plank Boad. 
T\g. 115. a. 



Tug. 115, a, Crasg-seclian. 
Fiff. 115, b, Plan, or Top View. 
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The moBt valuable improvcmeDt since McAdam a, k 
one superior to his in many localiliee, is the recent in- 
vention of covering roads with planks. The first planli 
load on this continent was constructed in Upper Canada 
J. A short piece, laid down experimentally, gave 
;h satisfaction, as to ease of travelling, and cheap- 
less of keeping in repair, that a mile of it was construct- 
ed the next year at a cost of $2100. Its success caused 
it to be continued. Since then 500 miles have been 
constructed in Canada, and more than 3000 registered 
in the Slate of New- York ; and probably several ihou 
aands more in the other states of the Union from M aiwti 
D Texas and Wisconsin. 



VLASK AOADS. 

1 tlie most generally approved system, two parallel 
a of amall sticks of timber {called indifferently sleep- 
ers, stringers, or sills) are imbedded in l!ie road, three or 
four feet apart. Planks, eight feel long and three or four 
inches thick, are laid upon these slicks, across ihem, at 
right angles to their direction. A side track of earth, to 
turn out upon, is carefully graded. Deep ditches are dug 
on each side, to ensure perfect drainage ; and thus i 
formed a Plank Road. 

The benefits of covering the earth with some betttfli 
material have been indicated on page 188, and the pecu- 
liar advantages of this plank covering will be more fullj 
made known, when we shall have discussed in order the 
various details of construction* 



The waste of labor caused by unnecessary ascents ii 
a road, has been pointed out in the early part of this vol 
ume, (pages 32-36.) It was also shown (page 28) that 
it is profitable to the traveller to go two or three thousand 
feet around to avoid ascending a hill a hundred feet high ; 
though the coat of constructing the additional length of 
road parlialli/ counterbalances this consideration. It was 
also proved that the smoother the surface of the road was 
made, the more injurious proportionally were such ac- 
cents. They are therefore especially objectionable on 
plank roads, which hold an intermediate place between 
common roads and railroads. Some distinguished engi- 



• Hon. Philo While's report to Ihe Council of WiBconfiln, Febmnry 
1848, cmbodiea a very oilended nnri Bystemalic collection of int 
on this Bobject. To it, and to Ibe TalUHblR published sad bbliging privift 
commuaicHtiona of Hon. George Guddei, C. E., (who first ialrodueed ai 
naluratiied Ihii iniprovemeni in the United Slates,) Ihe aullioristo 
indebted, w also Id inauf other recent sources. 
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neers have been led astray on Lhis point. Their argu 
ments, if carried out to ibcir full exlcnl, would lead to the 
construction of railroads also with similarly steep grades. 
It is true, as they stale, that a given load can be drawn 
up a much steeper hill on a plank road than on a com 
mon one, the friction on the former being so much l^ss, 
but (as proven on pages 34 and 35, which see) this will 
lessen in an equally increased ratio Uic advantages of ihc 
leve! portions ol the road. Let us assume the resist- 
ance of friction, or " slick-tion," (as Professor Whewell 
calls it,) on a plank road to be one-third of that on a good 
earth road. It will therefore be one-sixtieth of the weight 
carried, if that of the earth be one-twentieth. If, now, a 
horse can draw one ton on the level earth road, the total re- 
sistance will be doubled wlien he comes to a hill which rises 
one foot in going twenty, (1 in 20,) and he will be able 
to draw only half a Ion up this hill, and therefore his load 
on the level parts of liie road would be but half a ton ; 
for it would be useless .for him to take more to tlic hill 
than he could drag up it. Now suppose the same road 
to be planked, and this hill to remain untouched. Un 
the level portions the same horse can now draw tliree tons, 
oy our hypothesis. But the hill, rising 1 in 20, will offer a 
resistance three times as great as does the " sljctioa" of 
the plank road, and the whole resistance in going up it will 
therefore be four limes as great as on a level. The horao 
can therefore draw only one-fourth of his former load, or 
only three-quarters of a ton, which is consequently tlie limit 
of his load on the level. Thus then this hill has brought 
down ihe gain of the plank road over the earth lo only u 
quarter of a ton, instead of two tone, which it would be, 
were the hill reitjved. Therefore, in laying out a plank 
Kiad, it is indispensable, in order to secure all the benefits 



■ be dcnrcd from it, lu avokl or cui down u 



A TCiy thort liae, of erea coosiderabie steepoes*, maf, 
however, be allowed to Temun, to sate expense ; siiic« e 
bone csB, ior a shon time, put forth extra exertion to oter- 
cone soch an increased resistance ; and the ilangcr < 
AppiMtg is aToided by descending upon the earthen trackJ^ 

A plaok road, lately laid out, under the supervision 4 
Hr. Geddes, between Cazenovia and Chiltcnango, N. 
is an excelknl exempIificaUan of the true principles \ 
roadmaking. Both these villages are situalod on 1 
" Chitleoango creek," the farmer being SOO fuel highl 
than the latter. The most levol common road betw< 
these villages rises, however, more than 1,200 feet in g 
ing from Chitlenango to Cazenovia, and rises more I 
400 feet in going from Cazenovia to Chiltonangi], in h 
of this latter place being SOO feet lower. It tlius a 
one-half to the ascent and labor, going in one diroctioi 
and in the other direction it goes up hill onc-balf t 
height, which should have been a cuntinuous descei 
The line of the plank road, however, by followinf; t 
creek, (crossing it five times,) ascends only the iiecceaai 
800 feet in one direction, and has no ascents in the otlttf 
with two or three trifling exceptions, of a few foot in i 
admitted in order lo save expense. There is i 
perpendicular fall in the creek of 140 feel. To ovorctiia 
thia, it was necessary to commence, far below the fulls, I 
climb up the steep hill-sldc, following up the sides oftl 
lateral ravines, until they were narrow enough to bndgf 
and then turning and following back the opposite sides 
the main valley was again reached. The extreme r 
U the rate of one foot to the rod, (1 in I6j ;) and this o 
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for short distances, and in only three instances, wiili a 
much less grade, or a level, intervening. The line pasees. 
through a dense forest, which supplied its material, being 
cut into plank by sawmills erected in a gulf never before 
approached by a wheeled carriage. 



► A single track of plank, eiglit feel wide, with an earth- 
en turn-out track beside it, of twelve feet, will in almost 
all cases be sufficient. This gives twenty feet fcr ihe 
least width necessary between the inside top lines of the 
ditches, the width of which is to be added, making about 
two rods on level ground. If extra cuttings or fillings be 
required, i!ie width occupied by their slopes must be add- 
ed to this. An earthen road of eight feel wide on each 
side of the plank track, has sometimes been adopted. The 
New York general plank road law fixed four rods (6fl 
feet) as the least permissible width that plank roads might 
be laid out. This provision has since been repealed. 

Wider plank tracks were at first employed. In Can- 
ada single tracks were made from 9 lo 12 feet wide. But 
it was found, on the J2-fect Toronto road, after seven 
years' use, lliat the planks were worn only in the middte . 
seven or eight feet, and that the remaining four or five 
feet of the surface had not even lost the marks of ihe saw. 
One-third of the planking was therefore useless, and one- 
third of the expenditure wasted. 

A double plank track will rarely be necessary. No 
one without experience in the matter can credit the amount 
of travel which one such track can accommodate. Over 
a single track near Syracuse, 161,000 teams passed in 
two years, averaging over 220 teams per day, and danng 
three days 720 cassed daily. The earthen luni-out track 



iDuat, however, be kept in good order, and this is easy, if 
It slope off properly to the ditch, for it is not cut with 
any continuous lengthwise ruts, but is only passed over 
by the wheels of the wagons which turn off from the 
track, and return to it. They thus move in curves, which 
would very rarely exactly hit each other, and this travel, 
being spread nearly uniformly over the earth, tends lo 
keep it in shape rather than to disturb it. 

If, however, there i? so much travel that the earth track 
will not remain in good order, then this travel will pay for 
the double track which it requires. But this should he 
made in two separate eight-feet tracks, and not in one 
wide one of 16 or 24 feet, as was at first the practice. 
On a wide track the travel wilt generally be near its 
middle, and will thus wear out the planks very une- 
qually, besides depressing them in their centre, and ma* 
king the ends spring up, and when it passes near one end 
that will tilt up, and loosen the other. Besides, when a 
light vehicle wishes to pass a loaded one moving in the 
centre, as it naturally will, the former will be greatly de- 
layed in wailing for the other to turn aside, or else will 
have on» wheel crowded oif into the ditch. But where 
there are two separate tracks, the whole width of one is 
at the service of tiie light vehicle. On a sixteen-feet track 
near Toronto, the planks, having become loose and un- 
settled, were sawn in two in the centre, and this imper- 
fect double track, even without any turn-out path be- 
tween, worked belter than in ts original state. An 
experienced constructor slates that if he were desired to 
build a road fifty feet wide, he would make it in separate 
eight-feet tracks. 

The wide track of 16 feet plank has sometimes 
divided into two of eight feet, by spiking down scar 
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80 (eet long, and six inches square, along the middle o^ 
the road, ai intervals of 100 feet in the clear, between 

ich Bcanlling. This, however, only partially remedies 

le objections adduced. 

When the ground is of such a very unsettled and yield- 
ing nature, such as loose sand, marsh, Sec, that a jolid 
tum-out track of earth cannot be made, planks, sixteen 
feet long, may be used, resting on three, four, or five 
sleepers, crowning in the middle ihree or four inches, and 
tlie ends sprung down, and pinned to the outer sleepers. 



The importance of elevating a road-bed above the level 
of the adjoining fields, and digging deep ditches on each 
side, has been already urged, (pages 53, 54,) and this is 
a fundamental requisite in making a good plank road. 
Employ the earth from the ditches, if good material, re- 
jecting the sods, to raise the road-bed. Give the ditches 
free outlets, cut their bottoms with true slopes, make under- 
drains, of cobble-stones and brush, across ihe road in wet 
places, and use every precaution to ensure thorough and 
complete drainage. This will be more difficuTl in a flat 
than in a hilly country. If it be effected, however, the 
plank will last much longer, and the road be always in 
belter condition.* 

The " cross-section" of the road-bed, or its shape cross 

■ The ditches and aide slopes of the road-bod, aflor being plaiigheil up, 
may be most rapidly shaped by Iho use of a scraper of Lhis foiin, ;», 
coinpoBOd of two planks hitigod together iu front, and kept apart in Ihe 
rear by an adjustable CRMS-pieCB. The leain is attached to the outer 
ptank at such a distance (rom the point as to ko«p the inner plank in Ihe 
dJreclioD of Uie load, so that it forms the straight edge of tho bank, wliile 
UiQ likew of the outer plank throws the oarlh to oae side la the manuor 
v-plough. A man with a long lovr inserted in Ihe outer aids 
CBgulalea Ihia mora exactly 
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Ween the dilchcs, must be carefully adjusted so 
as to freely carry off ihe rain which may fall on it. First 
deciJe on wliich side of the road ihe plank track is to bo 
laid. It should generally be on the right-hand side com- 
ing from the country into a town, so that ihe farmers' 
wagons may keep upon it, when ihey bring in their heavy 
produce, and that the turning out may be done by those 
which are going back light* The twelve feet width in- 
tended for the earth track should be heavily rolled or beat- 
en, to make it firm and hard. It should slope down from 
the centre three-quarters of an inch to the foot, (1 in 16,) 
and the eight feet of plank should fall off three inches, or 
I in 32. From each side of the 20 feet thus graded, the 
bank should slope down to the bottom of the ditches at 
the rale of three inches to the foot, or 1 in 4. (See Fig. 
115, a; page 230.) 

The proper shape may be most easily and accurately 
given by Ihe use of a common mason's level, having a 
tapering piece of wood under it, (as shown in Fig, 58, 
page 173,) or having one leg so much longer than the 
other, as will give the slope required. If the plank be 
laid on aif old roadway, no more of it should be broken 
up than is absolutely necessary for imbedding the sleep- 
ers, as it is very desirable to preserve as solid a founda . 
lion as possible. ■ 



Material. — ^Pine, hemlock tamarack, oak, and walnut, 
nave been used in Canada. Hemlock has been mostlj 
used in New York, from its abundance and cheapness 
Pine would be more durable. 

Number and size. — At first, five or six, each six inchci 
square, were placed under 16 feet plank. The Canadsj 
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Board of Works' SpcciucaUon, 1845, direcU four to b« 
put under a 16-feet road, and three under a 10-feet road; 
the outer ones to be five inches square, and the inner ones 
to be six inches wide, and two inches thick, laid flatwise. 
On the New York roads of eight feet planks, two sleep- 
Rrs, four inches square, have been generally enaployed. 
Tliey liave, however, been found insufficient, and the ei- 
perienced engineer of the original Syracuse road, strongly 
recommends sleepers 12 by 3, laid on their flat sides, and 
fur an important road would make them 12 by 4, or even 
12 by 6.* They should be large and strong enough to 
hold up the plank road in case of a soft place for a few 
feet. Others argue, however, lliat they should be small 
enough to sink down with the earth as it seilles *indcr the 
planks, so that ihesemay continue to bear upon the ground; 
as otherwise the planks would be rapidly worn out by the 
springing thus caused, and would be soon rotted by ihe 
confined air under thcni. They also assert that ihe only 
use of the sleepers is to keep the road in shape when first 
laid down. Indeed, a road three miles long has been laid 
in Canada, without any sleepers at all under the planks, 
and it worked quite well. Its advocates say that sleepers 
form a trench in which water collects, and is by them pre- 
vented from running off. It liierefore floats the planks, or 
washes out mud from under them, and thus forms a cav- 
ity, which produces the bad effects above mentioned. This 
consideration would make light eleepers appear to be worse 
than none. The conclusion seems to be that large sleep- 
ers should be used for an important road ; and that for a 
poor one, which expects to receive only hght loads, and 
which runs over a hard bottom, sleepers might perhaps 
be altogether dispensed with. 

■ The idjBfr sleeper may be Hinch«i wiUa. ud LbsoUwr 10, ks Uie foriovt M'U 
a0 £ bridge orpr tbe chuiEiL'lB mndc unAaTUU) VqL qQ \ytQ vnuu^ wh^ ^m v^Wu % 
lufthflwi 




'jength. — The sleepers used should be as straight and 
B possible. On ihe Syracuse road none leas llian 
13 feet long were admitted. On the Canada roads they 
are required to be not leas than 16 feet, nor more than 20 
feel long. 

Laying. — Their distance apart, centre to centre, should 
be such that the wheels of loaded wagons may pass di- 
rectly over their middle ; or somewhat nearer to their 
outer than iheir inner sides. This distance will therefore 
vary in different sections of the country, according to the 
usual " track" of wagons.* If this principle be varied 
from, it should be by bringing the sleepers nearer the 
middle than the ends of the planks, to prevent any de 
pression in the centre. The foot-wide sleepers, in the 
figure are drawn three feet apart in the clear, or four feet 
centre to centre, 

Tlicy should be well bedded in the earth, in treochea 
cut to receive tliem, with their top surface barely in siglii. 
They sliould bear firmly and evenly ihrougliout their 
whole length, and ihe earth between them be well ram- 
med down, and made firm, solid, and even.t The sleeper 
nearer the ditch is lo be laid so much lower than the 
inner one, as to give the proper slope to the road, 
which is so important for carrying off the rainwater. 

Joints. — At the joints, where two sleepers come to 
gether, end lo end, lliey are hable to sink under passing 
loads. To prevent this, various means may be employed. 

* The comman Iraclc of wogooB, meaaured " froin inaids to outade>" 
nlilcli IB ihe Bamo oi from centre to centre, m Tour feet eight iacbea in the 
Btutfl ofNev York, lu New Jersey aud Iho Southern States, it is five feeL 
Iji Cauuocticut II variua Iroia three feet eight inchei for light wagooa, lo Bve 
feci two inches for heavy ones. In Winoniiu, it is liTO feet Tour inchos. 

t A wooden roller, weigliing two tons, has been very aiicOESBfnl!)' uati 
for KtUing the sleepen and the earth belwoea thoui, heing drawu avsi 
Ihem mreral time* before thny are p\anlie^ 
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The broad sleepers (12 by 3) may be a»wn in two length 
wise, 90 as lo be each 6 by 3, and laid side by side, so as 
to " break joinls ;" the joinis of one set being opposite 
the middle of the adjoining pieces, which form ilie other 
set. This arrangement is shown in Fig. 115, b, page 230. 
The sawmills charge no more for the sleepers in two 
pieces, each 6 by 3, thaa in one 13 by 3. A second 

remedy is to lay a pig.iis.e, =-- — i ^ 

short board under the '^ m .jiJ^^Mn ^ 

joints of the sleepers, 
as shown in Fig. 115, 
c, A third is to con- 
nect tlie ends by a 
mortice and tenon, two 
inches long, as in Fig, 115, d. A fourth is to unite them 
by a bevel scarfing, three inches in length, reversed on 
each half, as shown in Fig. 115, e, in which, for distinct- 
ness, the two sleepers are represented as separated. In 
' every case the joint on one side of the road ought to be 
opposite the middle of the sleeper on the other side. 









Material. — In Canada, pine, hemlock, tamarack, oak, 
and walnut, have been employed. In this State, hemlock 
alone has been used, being the cheapest material to be 
obtained. lis defects are its perishable nature, and its 
numerous knots, which soon make the road rough, when 
ihe Eofler portions of the planks have worn away. Pine, 
oak, maple, or beach, would be preferable. In Wiscon 
sm, &c., white and burr oak are abundant, and would 
therefore be advantageously used. Oak would make the 
most permanent road, from its superior capabilities of re- 
Mating both wear and decay. From its greater weight iE 
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suaJil cost a little more for hauling and handling. Tbv 
^pperiness of haidwood has been made an objeclion to 
it, but the sand with which the load should be covered* 
would obviate this. Whatever sort of limber i 
ployed, it should be sound, and fiec from sap, bad knoti, 
shakes, wanes, or auy other imperfections. The plank 
should be full on the edges, and not less than nine nor 
more than sixteen inches wide, if of soft wood, or not more 
than twelve, if of bard wood. 

Thickness. — Tiie planks are usually either three or foitf 
inches tiiick; but the builders of the later roads piefor 
giving less strength to the plank, and more to tlie sleep- 
ers, which are more durable ; and therefore recommend 
three-inch plank, witli sleepers a fool wide. With hem- 
lock plankj any thickness beyond three inches is wasted, 
for when two inches have been worn down, the projecting 
knots will make the road too rough to travel on, and it I 

will require renewal. One incli more will be suiBcient to \ 

hold the knola in, so that we get three inches as the prop- 
er thickness* Willi less knotty limber, thicker plank may [ 
be used, provided there will be travel enough to wear out 
tiic whole thickness from above, before itunprofiiablyrots 
oy,t from below. When two tracks are laid, that which 
woifld be travelled by the loaded wagons going to market 
may be laid witli four-incb plank, and the other track, for 
the light wagons, with lliree-inch plank. 

Larking. — 'I'he planks should be laid directly across tiifi \ 
road, at right angles, or " square," to its line, as shown in * 
Fig. US, b, on page 230. The ends of the planks aM 
not laid evenly to a hne, but project three or four inches 
OH each side allernately, so as to prevent a rut being 
fonoed by tb« side of tlie plank Irack, and to make jt 
easier for loaded wagons lo get upon il ; as llie wheels j 

• tBMK Dur. hoirever. ba chewlv dotobei 4o«a ii\^ »a •ft»- 
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iusteud of scraping along ihe ends of the planks, when 
coming towards the track obliquely after turning off, will 
on coining square against the edge of one of these pro- 
jecting planks, rise directly upon it. On the Canada roads, 
every tliree planks project three inches on each side of 
the road altemalely, as shown in Fig. 1 15, b. 

The planks were laid lengthwise of the road, on llie 
first one running from Quebec, it being supposed thai they 
would wear belter, and could be more easily taken up and 
replaced. But it was found that loaded horses slipped 
upon them, (the longitudinal direction of the grain giving 
no hold to the feel,) ihat ruls were soon worn in them, 
and that they did not keep their places. This arrange- 
menl is therefore now abandoned. 

The planks have also been laid obliquely, diagonally, or 
" skewing ;" so as lo make an angle of 45 degrees with 
the line of the road, twelve feet plank making an eight- 
feet wide road. This plan is adopted on the Longeuil 
and Cliambly road near Montreal. Its advantages are, 
that the edges of the plank are not worn down so soon as 
when the wheels strike them directly, {as was shown in 
reference to pavements, on page 222 ;) that the zigzag 
ends of the plank facilitate the getting on the track ; and 
that there is less loss on the rejected, or " cull" planks of 
12 feel, than on those of 8 feet. But when a wagon- 
wheel comes upon one end of a plank laid thus obliquely, 
the other end, having no load to keep it down, will spring 
up, if not fastened to the sleeper ; and if it is, the spikes 
or pins will finally be loosened. Each end of each plank 
undergoes this action in turn, and thus the road is injured 
dnd broken up. The first method of laying the planks— 
at right angles lo the direction of iie road — is nincfa ta 
be preferred. 





TLANK ROADS. 

e planks must be laid so as to bear equally or ths 
I, and on the ground between them, dcpeiklini; 
chiefly on the latler for their support. The earth mua* 
be well up to and touching the planks at every point, for 
if any space of confined air be left, dry rot aoon follows 
If any water be allowed to get under the planhri, it forms 
a soft mud, which is pressed up between thorn, and do 
posited on their surface, thus excavating a cavity under 
ihem,' and rendering them liable to move under passing 
loads in a manner which soon wears ihem out. They 
must also be laid to close joints." 

Fastening. — On (he Canada roads the planks have 
generally been spiked or pinned down to the sleepers. 
The specification of the Board of Public Works directs 
them to be spiked " with one spike at each end for planks 
1 3 inches wide or less, and two at each end for planks of 
a greater width. The spikes are to be of the description 
called 'pressed' spikes, made of the best English or Ca- 
nadian iron. They arc to be Cj inches long, f inch 
square, with chisel-shaped edges, and good broad heads, 
and are to weigh five to a pound. They are to be drivt 
with the chisel-edge across the fibres of the wood. 

On the New York roads tliis has been considered an 
unnecessary expense, since the loads come equally upon 
both ends of the transverse planks, and thus tend to keep 
them down in their places, their own weight assisting in 
this. But in wet, and badly-drained places, a new con- 
sideration intervenes. If the planks are not fastened down, 
they will float as soon as an inch of water gels under 
them. The wheels of a loaded wagon pressing down 
each plank in turn, drive the water before them, lill it 
finally attains force enough to throw up a plank, and thus 
break up the road. On the other hand, when the planlu 
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we fastened down, ihe whole road is floated, and the it 
bralions produced by the passing loads drive ihe water out 
on the sides and top of the road, and excavate cavJlies, 
which ought to be immediately filled up, an operation 
which is made difficult by the fastening down of the piauka 
to the sleepers. It is therefore thought better to leave 
the plank free, and <lliow ihctn to be thrown out of place, 
and thus at once give free passage to the water, and pre- 
vent further mischief; a repairer being kept constantly at 
work upon the road, and required in rainy weather to pass 
over every portion of It once or twice a day. It might be 
well, as a compromise, to spike down planks at short in- 
tervals, say every fifth or tentli plank, the rest being well 
driven home against these. 

Covering. — The planks having been properly laid, as 
lias been directed, should be covered over one inch in 
Thickness, with very fine gravel, or coarse sand, from 
which all stones, or pebbles, are to be raked, so ns to 
leave nothing upon the surface of the road, that could be 
forced into and injure the fibres of the planks. The grit 
of the sand soon penetrates into the grain of the wood, 
and combines with the fibres, and the droppings upon the 
road, to form a hard and tough covering, like felt, which 
greatly protects the wood from the wheels and horses' 
shoes. Sawdust and tan-bark have also been used. 



I shoes, bawdust and tan-bark have also been used. I 

^^H The road is now ready for use. ^^^^H 

I The chief items in the cost of a plank road are the tim ' 

ber and the earth-work. The price of the former wil' 
vary greatly in different localities and at different time». 
The cost of the latter, as well as of bridges, culverts, Ac, 
•ill generally be different on eve-\ mile of toad. Tb« 



1^^ vary grea 
^^L The cost 
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coBt of plank roads in general, therefore, cannot be defi- 
nitely stated. Tlie following estimate gives ilie extremos. 
On the plan recommended, the planking will require, 
per mile, 8 X 3 x 5280 = 126,720 feet ; and ihe sleepers 
(2) XI X3 X5280 = 31,680 feet; in all 158,400 feel; 
or, say, 160,000 feet, board measure. Shaping llie road- 
bed, and laying the sleepers and planking, coats from 30 
cents to $1 per rod, according as the line is new, or on an 
old bed, and the soil easy or hard to work. The number 
of gate-Iiouses will be governed by the opposing consider 
ations of making them many, so that no one can travel far 
on the road wiihout paying therefor ; and few, so that the 
expenses of collection may be small. By the New York 
Plank Road law, the toll-gates are not to be within three 
miles of each other. The item of contingencies will not 
bear any relation to the varying cost of the plank, and 
therefore should not be estimated by a percentage, as is 
usually done These points being premised, we arrive 
at the following estimate of Cost per mile : 

Plank : 160 M. ; «4 to «10 per M.; . tOlO to SI600 

Shaping and Laymg; 30 cents to tt period, 06 " 330 

Gate-houses: per mile, .... SO " 150 

Sngipeering and miperiutendeiice, . . 100 " TOO 

Cantio^Dcjea, 100 " SOD 

*986 lo $2370 - 

We thus see that the cost per mile will range from, say, 
91000 to f2400, exclusive of extra earth-work, bridges, 
culverts, &.c. From 10 to 15 cents per cubic yard may 
be estimated as the cost of the excavation, including put- 
ting it into embankment, except when carried over oi 
two hundred feet, (sec page 132;) and it should be 
ulated that no cutting of less than two feet depth, shi 
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be counted, or paid for, as " ex cava Lion ;" but be cur^ 
sidered as included in the general price for laying. In 
making a new road tlirough a forest, the clearing and 
grubbing will be a new item of expense. Add ten per 
cent, upon the cost of these items for contingencies inci- 
dent to ihenti. The land ia supposed to be given. 

The Syracuse and Central Square plank road, 16 
miles, cost $1487 per mile, wilh lumber at $5.20 per M. 
It lias a single eighl-feet track, except over a few spots of 
yielding sand. Tlie Rome and Oswego road, 63 miles, 
cost $80,000, or about §1300 per mile ; lumber costing 
from S4 to $5 per M. It is of eight feet hemlock plank, 
three to four inches thick ; with grades cut down lo 1 in 
20 near Rome, and at the western end, where it is more 
hilly, to 1 in 16j. The Utica northern road, 23 miles, 
coat $42,000, (besides 88000 for right of way over a liirn- 
pike,) being nearly $2000 per mile, five miles being a new 
line cut through woods, at an extra cost for clearing, of 
$500 per mile. Deduct this, and the average cost would 
be about $1800 per mile. A short road near Detroit, 
eight feet wide, laid on a trayelled roadway, cost, wilh 
lumber at $6 per M,., $1500 per mile. 

The first New York road (Syracuse and Central 
Square) was not built by contract, but by days' work, bo 
as to ensure the perfect bedding of the limbers. It was 
also found that the work was done at a less cost than the 
bids of contractors, who made such ofTers as would se- 
cure them against loss in a work then new and untried. 
In a road where there was much earthwork, that at least 
should be lei by contract. The road should also be divided 
into quarter-mile sections, and the lumber for each be 
contracted for, to be equally distributed along the line, 
^ when debveted The actual laving upon the graded btid 
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could ihcn be done by days' work. AH ihe opcratioi 
Bliould be under the charge of an inlelligeni and eificici 
engineer. 



DURiBILlTT. 



A plank load may require rcne^^-al, either because il^ 
has been worn out at top by the travel upon it, or becauss- 
it has been destroyed al bottom by rot. But, if the road 
have travel enough to make it profitable to its builders', it 
will wear out first ; and if it does so, it will have 
abundaolly enough to lepjaee it twice over, as we sh( 
see presenily. The habilily to decay is therefore a si 
ondary consideration on roads of importance. 

Wear. — The aciual wear is of course proportioned 
the amount of travel. The most definite results havel 
been obtained on the first New York road, that from Syt^ 
acuse to Central Square. In its first two years, endinj^ 
July, 1848, more than 160,000 teams passed over its first 
eight miles. This travel wore its hemlock plank down 
one inch, where ihey had not been floated. Another inch 
could be worn down before the projections of the knots 
would make it necessary to relay the road, so that it 
would have borne the passage of 320,000 teams. But 
this is an under~eslimate, inasmuch as the wear and teal 
of the first year is more than that of several following 
since the first travel upon the road tears off the oul< 
Bphnlers and fibres cross-cut by the saw, while the; 
coating subsequently formed protects the plank from 
wear. Upon a Canada pine road, travelled over by 
least 150 two-horse teams per day, (50,000 per year,) ihe 
road had worn down in two years only one-quarter of an 
inch ; and this Idb was allribulcd chiefly to its esposu: 
t)ic firat ycat without sanding. \\. ■wa^ ca<\w\-a!*i. fei*. 
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IMPROVEMENT OP THE SURFACE. 

] plsFik on this road would wear at least ten yean, 
Oak would of course wear longer. 

Decay. — As lo natural decay, no hemlock road has u 
yet been in use long enough lo deiemnine how long the 
plank can be preserved from rot. Seven years is per- 
haps a fair average. Differeni species of hemlock vary 
greatly ; and upland timber is always more durable than 
that from low and wei localities. The pine roads in 
Canada generally last about eight years, varying from 
seven to twelve. The original Toronto road was used 
chiefly by teams hauling steamboat wood, and at the end 
of five years, began to break through in places, and, not 
being repaired, was principally gone at the end of ten 
years. Having been poorly biiill, badly drained, not 
sanded, and no care bestowed upon it, it indicates the 
minimum of durabihly. Oak plank cross-walks in De- 
troit, the plank being laid flat on the ground, have lasted 
two or three times as long as ihose of pine. It is be- 
lieved that oak plank, well laid, would last at least 12 
or 15 years. One set of sleepers will outlast Iwo plank- 
ings ; several Canada roads have been relaid upon the 
old sleepers, thus much lessening the cost of renewal. 

A Canadian engineer thinks that $20 per mile would 
be required the first year ; to restore the grade where 
it had settled, to fasten loose plank, &c. For the next 
five years, $10 per mile, and then there would be some 
planks to be replaced. The repairs would then increase, 
to amount to a renewal of the surface at the 
I end of four years more, making ten for lite age of the 



PLAMK BO ADS. 



Plank roads are the Farmer's Railroads. He profin 
most by iheir constmclion, though all classes of tin 
community are benefited by any such improvement, 
as has been fully shown in the " Introduction" to thia 
volume. The peculiar merii of plank roads is, that the 
great diminution of friction upon them makes them more 
akin to railroads tlian to common roads, with the advan- 
tage over railroads, that every one can drive his own 
wagon upon them. Their advantages naturally divide 
themselves into two classes ; their utility to the commu- 
nity at large, and their profits to the stockholders who, 
build them. 

1 . To the community. A horse can draw on a pla^ 
road from two to three times as much as he can on i 
ordinary Macadam or good common road. On the latt^ 
roads one ton is a. fair load for a single horse, and 300( 
lbs. the utmost allowance. But upon a plank road,) 
two-horse team has drawn six tons of iron ; another h^ 
drawn, for several days in succession, over two cords 
green beech and maple wood, estimated at six tons ald^ 
and could draw four or five tons, thirty miles a day c 
tinuously. These results of experience agree with tM 
calculations founded on the data of p. 62, taking the friffl 
tion on a Macadam road at j^, (the average of tlie 
values there given,) and that on planks at jV- The i 
suiting ratio is 2J to 1 . 

A great degree of speed can also be obtamod i 
plank roads with much less injury to the vehicles ai 
the horses feet than on a Macadam road, though rontrajj 
impressions have sometimes been caused by the excess? 
speed wiih which their li^thi dv;\n|^\\\, mWcw ca,w^% Ws'w 
•o be driven, wilhiiui l.lic ilriv.T bcuv' awmc ai \V 
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I feel of a Canadian McAdamized road, disrupted by 
frost, was taken up, and planked over ; and ihe horaes 
when reined fi-om tlie plank lo ihe stone, in turning out, 
wouJd of llieir own accord, if not prevented, immediately 
turn back upon the plank. 

But llic peculiar advantage lo the community of plank 
roads is their continuing in perfect order, and affording 
undiminished facilities for travel, at all seasons, while 
common roads are rendered impassable by the continued 
rains of autumn, the occasional thaws in mid-winter, or 
the " breaking up" in spring, Tliej thus enable the 
farmer to carry his produce to market at seasons and 
in weather when he would otherwise be imprisoned at 
home, and could not there work to advantage. His farm 
will therefore be made more valuable to him; and it 
has accordingly been found that the value and price 
of lands contiguous to those roads have been enhanced 
by their operation to such a degree as lo excite the envy 
and complaints of those living off their hne. The lea- 
Bcned " siiciion" will also enable him to carry his former 
load to a more distant market, if desired, or to carry lo 
his former market a larger load, and therefore at less 
cost per bushel, hundred-weight, or cord. He can there- 
fore sell cheaper, and yet gain more. The consumer 
of his produce, wood, tfec, gets a better supply of all 
articles, and at lower prices, The shopkeepers carry on 
an active trade with their country customers, at limes 
when, were it not for these roads, they would have noth- 
ing to do. It is one of those few business arrange- 
njenls by which all parties gain, and which, ihrrefore, 
in the words of Clinton, actually " augment the p<ibU| 

k wealth." 
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To the stockholders. The annual profits of ; 



mnk road will of c 



; be governed by the i 



menta of its first cost, and the amount of travel npon it. 
The latter should be approximately deiErrained in ad- 
vance, as directed on page 66. One important point 
has, however, been determined with considerable accu- 
racy, viz. : how much a road will earn before it is worn 
out. Upon the first eight miles of the Syracuse and 
Central Square plank road, the tolls during its first two 
years, ending July, 1848, amounted to $12,900, and the 
expenses for salaries and repairs to $1,500; leaving 
811,400 for dividends and rebuilding. This amount of 
travel had worn the plank down one inch. Another inch 
could be worn down before a renewal would be neces- 
sary, and the road would then have earned $23,800 
above expenses, or $2,850 per mile. This experience 
indicates that hemlock plank before being worn out, will 
earn two or three times tlieir original cost. The surplus 
above the cost of renewal will therefore be payable in 
dividends, amounting in gross to between 100 and 200 
per cent, upon the first cost of the plank, {that of the 
whole road bearing no constant ratio to this ;) the amount 
of each annual dividend being of course greater the more 
rapidly this wearing out, with its concomitant and pro- 
portional earning, lakes place. 

This calculation is predicated on the tolls esiabhshed 
by the New York Plank Road law, which are as follows : 
For any vehicle drawn by two horses, &c., If cents per 
mile, and | cent for each additional animal ; for vehicles 
drawn by one horse f cent per rai.e; for a horse and 
-ider, or led birac, ^ cent; lor every score of shccpy i 
iwine or neat aitle, one cent per mile. But the cum^ 



panics are not to clmrge more ihan wit! enable them ic 
pay annual dividends of 10 per cent, upon the stock actu. 
ally paid in and expended on the road, after keeping the 
road in repair, and setting aside 10 per cenl. for its re- 
construction. This restriction has since been repealed." 

The great objection to plank roads in the eyes of an 
engineer is their perishable nature, and consequent final 
destruction. But this fault is one not peculiar lo plank 
roads, but common to all in a greater or less degree. 
Thus in the case of broken-stone, or McAdam roads, 
usually cited as contrasting models of durability, we find 
that they wear away so rapidly as lo require not only coin 
stant repairs, but, when well kept up, an actual addition 
to their substance of one cubic yard per mile for each 
beast of Surden passing over them, (see page 209;) and 
the 60,000 teams per year which passed over the Syra- 
cuse road, would have required an amount of broken 
stone, to replace their wear, enough to renew it many 
times over, A Canadian report to the Board of Public 
Works shows that the coat uf one mile of McAdam road 
will ihere make and maintain nearly four miles of plank 
road ; and on one road the substitution of plank for bro- 
ken stone effected a saving of an amount sufficient to re- 
plank the road every three years, if that had been ne- 
cessary. The New York Senate report states that a 
plank road over the same line whh a McAdam one can 
often be built and maintained for Jess than the interest on 
the cost of a McAdam one, added to the expense of its 



* llie New York Lsifb relating lo Plaiili Roadii, 
310.3!IT,398: 1B48. chipt 360: 1S49, eligpL 950. 
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necessary annual repairs. But even if a plank road was 
still more perlsliEible than it is, and was worn out in one 
year, still, if in that time it had repaid its cost two or 
three fold, (as we hare seen it would do,) it would be so 
much the more profitable investment ; and this is the 
final object of all private engineering constructions. 

It should not be forgotten by the engineer engaged i» 
laying out a road for a private company, that their inter*' 
ests, and those of the public who are to use the road, 
not identical. The public wish the road to be so laid out 
that they can carry over it rhe greatest possible loads at 
tlie least possible cost.' The stockholders generally wish 
only to secure to themselves the largest possible amount 
of tolls in return for the smallest possible investment. 
These two interests conflict. The sleep ascents, so ii>- 
iurious to the travelling public, as shown on pp. 231-3, 
are advantageous to the company who plank the road, 
since they prevent large loads being carried, and thus 
produce a twofold gain — the amount of tolls being pro- 
portioned to the number of the loads, and not (as they 
should be) to their weight ; and the carriage of such ex* 
ccssivc ones as would break defective plank being thus 
prevented. The engineer of the company must therefore 
sacrifice the absolute perfection of his road lo this requisi- 
tion of policy, and may leave steep ascents untouched, thus 
saving the first cost of culling them down, aa well as in- 
creasing the subsequent receipts. But, on the other hand, 
if the grades of the road be not sufficiently improved, it 
may not attract tiie expected amount of travel. A, pru- 
dent compromise most therefore be made between iheM 
opposing interests 
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WOODEN PAVEMENTa 

Pavements formed of wooden blocks 
usually hexagonal in shape, possess / 
many advantages. They cause linle 
resistance to draught ; are almost en 
tirely free from noise ; are cas Ij 
kepi clean ; are easy to a horse's hoof 
lessen very much the wear and tear i 
of rehicles ; are pleasant to travel 
lers ; admit of great speed, and are cheaper m their first 
cost than granite blocks. 

To counterbalance these recommendations, they are 
slippery and therefore dangerous in wet weather ; and are 
Tcry perishable, both from wear and from decay. The 
slipperiness has been obviated by grooving and striating 
iheir surface, but this lessens iheir ease of draught and 
noiseleasness, and increases their cost.* The rapidity of 
their wear may be lessened by selling ihcm on a founda- 
tion of broken stone, or of concrete, so shaped as to rap- 
idly drain the water from thoir bottoms ; and by covering 
their surfaces with a mixture of boiling tar and clean 
gravel. Their decay may be prevented by various chem- 
ical preservatives, of which the principal are, Kyan's, who 
saturates the wood with a solution of bichloride of mer- 
cury or corrosive sublimate (one pound to five gallons of 
water); Burnett's, who uses u solution of chloride of zinc, 
(one pound to ten gallons of water) absorbed in a vacuum ; 
Renwick'a, with coal tar ; and Boucherie's, witli the im- 
pure pyrolignite of iron, absorbed by the vital action of 
the sap vessels. 

■rioun forriii projuBrd for woodeu |fflvemiiiiU may 
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0. ROADS OF OTHSB UATBRIAL8. 
BRICK. 

Roads are made in Holland of hard burnt bricks, or 
" clinkerB," laid on a firm foundation, and set on edge, 
wtlb their longest dimension across the road. A better 
bond vould be obtained by Fig- "'■ 

such an arrangement as is 
shown in the figure. But 
the pressure of heavy loads 
and the blows of horses' 
feet are too powerful fur 
bricks,' which should therefore*be reserved for foot-pave- 
ments only. ' 

CONCBETE. 

Roads of concrete, oi beton, six to eight inches thick, 
(such as has been described as the beat foundation for 
granite blocks) have been warmly advocated in France, 
particularly for the use of steam carriages, in the place 
of the more costly, though more perfect railroads. Con- 
crete will sustain great weighu, earned on wheels, with 
little injury, but has -been found (on the towpath of a ca- 
nal aqueduct) to be rapidly destroyed by the feet of 
horses. 

CAST IRON. 

This material has been tried several times, but aban- 
doned in coii8equen:e of its wearing so smooUi m to 
cause horses to slip 
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This name has been given to a bituminous mastic, of 
wliicb the principal localities are Seyasel in France, and 
Vai-de-travcrs in Switzerland. A limestone is also there 
fuiitid, which contains from 3 to 15 per cent, of bitumen. 
The stone is broken into fragments of the size of an egg, 
and ground to powder. A certain proportion, usually 
from 6 to 10 per cent., of mineral tar (obtained by boiling 
in water the bituminous sandstone of the same place) is 
combined with the limestone, by heating the former in 
iron boilers, and gradually adding and stirring in the 
powdered stone. In tins stale it is poured upon a level 
surface, and forms smooth cakes, over which gravel is 
spread. It is too weak for carriage-ways, and in this 
climate too soft in summer, and too brittle in winter, for 
even foot- pavements ; but in Paris the asphallum side- 
walks of the Boulevards are most perfect specimens of 
pavements. The asphaltum is melted on the spot in 
large caldrons, and poured witliin a moveable frame to the 
desired thickness. The edges of these slabs are united 
with the same material, and the pavement before on en- 
tire Mock of houses is thus made one smooth level vos- 
face, unbroken by a single joint. 



CAOOTCHOtIC, 

A pavement, formed by mixing gravel with melted 
caoutchouc, or gum elastic, has been tried in London. A 
specimen in the court-yard of the Admiralty, in 1844, 
was very pleasant to walk upon, but showed pennanenl 
depressions where heavily loade: vehicles had passed 
_ are/ it. 
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7. ROADS WITH TRAOIWATS. 

J Wlien whee.ed carriages are drawn by liorsea, ihe 
Jvfaeels should move on the smootltest aiid hardest sur 
Face possible, wliile ihe horses require one rough enyugh 
logive them a secure foothold, and soft enough to be 
easy to iheir feet. These two opposite requirements are 
uuited only in Roads with Trackways, on which two 
parallel tracks of suitable materials are provided to re- 
ceive the wheels, while the space between the tracks is 
filled with a different material, on which the horses trar^^^^H 
riie wheel-tracks are usually of aloue, of wood, or of iro^^^^| 

^ STONE TRACKWAYS. ^^1 

The Egyptians seem to have first discovered tlie value 
stone trackways in moving great weights, for traces of 
such contrivances have been found in the quarries which 
supplied the enormous stones of their Pyramids. In 
modern times lliey reappeared in the streets of Pisa, and 
are now general in those of Milan. They have of late 
years been used with great advantage in London, upon a 
road over which 250,000 tons annually passed, in wagons 
carrying each five tons. The repairs of this road for 
thirteen years cost less than one hundred dollars. The 
friciicn upon this stone trackway was bo much reduced 
(being only j\^ of the weight) that a small horse (weigh- 
ing 4J cwt.) could draw on a level 15 tons ; and a pow- 
erful horse (weighing H cwt.) 30^ tons, at the rate of 4 
miies per hour. On ihis rood the tracks were blocks of 
granite 5 or 6 feel long, 16 inches wide, and 13 inches 
»p. The space 'Detween them w.as paved.* 

■ TanwU, 9. LOG 
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A similar trackway of stone has been uaed with grea. 
advantage to facilitate ibe ascent of a steep hill, as a sub 
etituie for reducing the inclination. Upon the Holyhead 
road, two hills, each a mile in length, had an inclinalion 
of 1 in 20. To reduce this to 1 in 24 would have cost 
• 100,000. Nearly the same advantage, in diminishiEB 
the tractive force required, was obtained by moderate 
cutting and embankment, and making stone trackways, at 
a total expense of less than half the former amount. To 
draw one ton over the original hills required a power of 
294' lbs. ; to draw it over the trackways laid on the same 
inclinations required only 132 lbs ■ so that the tractive 
fo ce was educed mo e than one 1 1 f by li s mprove 

and he effe vas e same as f the hdl 1 ad h 
lUt down to a level s 
The arrangement of th s trackway : 
Fl 1 




e we] o nches deep fuu.-V^ei 
n hea w de and n e han fou fee ong A f undation 
for ibem was prejiared bj making an exca^auon, 8 feet wide 
■nd 25 inclies deep. On ila levelled butioin ivaa laid a rough 
pavement (like that described for the •' Telford road," papi 
BIO) eighl inches deep. The joints wete also filled with 
fravel. Upon this pavement were laid Ihrse ipehea of broken 
[ceeding one and a half inches in their longest 
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Oo them was a layer of two inches of the belt 
gravel, over which a heavy roUei w>« passed. Upon this the 
■tono blocks or " trams" were kill to a very accurate level. 
The Bpacea between and outside of thorn were filled up to a 
depth of six inches with broken limeatone. On each aide of 
the blocks was placed a row of pacing-stoaes of granite, six 
ioches deep, five inches wide, and nine inches long. The re- 
maining space was filled np with hard broken alone, and the 
whole covered with a top dressing of an inch of good gravel 



In districts where timber abounds, it mity be substitutt 
for stone in forming tracks, on which the wheels of or- 
dinary Tehicles may run, Projections on llie sides of the 
tracks may be employed to retain the wheels upon ihem, 
bui the moisture retained in the joints would cause rapid 
decay, and if any such precaution be thought necessary, 
a furrow or gutter in one of ihe tracks would be prefera- 
ble-t It would of course be necessary in this case, that 
_ the road should eyerywhere have sufficient inclii ation to 
■ off ihe water, which would otherwise fill the 
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Fig 119 



E road-bed should first be properly shaped, with an 

iclination each way from the centre, and the timbers be 

mpleteiy imbedded in it. Two tracks should be laid, 

r the travel in the two directions. A faster vehicle, 

Mertaking a slower one, could easily leave the track and 



• ParaBll, p. 109. 

+ Sbs report of Mr. Jno. S 



Willianu, American Mechanics' HagB- 
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-eater it after passing. The outside timber <^ each 
track should be smooth on its upper surface, and tlic 
inner one have hollowed in it a furrow, about 3 inches 
I, 4 Inches wide at bottom, and twice lliat at top. 
Tlie flat limber sliould be wide enough to allow for tlie 
usual variation io the widths of vehicles. The rise of the 
road between the two timbers should just equal the depth 
of the furrow, so that the two wheels may be on the 
same level. The distance between the centres of llie 
timbers should be about 5 feet ; between the two tracks a 
apace of four feet should be left ; and on the outside of 
each, nine and a half feet for a summer road, making a 
total width of 33 feet, or two rods. The limber would 
be tolerably durable, being surrounded with earth on three 
sides ; and might be rendered more so by any of the 
preservatives mentioned on page S34, particularly the 
last. 



The wooden tracks, adopted more than two centuries g^~ 

in the coal-mines of England, were before long covered 
with thin plates of iron to increase their durabihty and Ic 
lessen their friction, and subsequently replaced by ti 
entirely of iron. White a flange on Fig. 190 

their sides was used to keep car- 
riages upon them, they were " tram- 
roads," but when the flange was ■ 
transferred from the road to the svhcel, 
the trackway became a Raii-way. 
The extent of this topic demands for '• 
it a separate chapter. 




■AIL-ROASS. 



CHAPTER \ . 




"NoDiing cm do more harm Id Ihe adoptioo of railroads, Ihsn 
pram u I gallon of inch nontente aa Ihsl we ehall Bee locomotiTB engJnM 
tiaTelliug at Ihe rale of IS, 16, 18, bdiI SO miles per hour I" 

Wood, on ItaUroadi, 1S25. 



" An eipFBH tnrD on Ihs Gr 
faSi Iravelied, (at Ihrea haun, Bt 



st Western Railway, driiwlng J 
the rate of 63 laUea per hour !" 

BiTCHis. on Railwaj-s, 1946. 



^^The great success and rapid extension of railroads, 
3ue to thai appreciation of ihe value of lime, wiiich is 
the characlerislic of Uie present age. The speed obtained 
upon them virtually and practically shorlens distances in 
the precise ratio in which it abridges the Ume occupied; 
in travelling over them. 

The rapidity of motion and power of traction, whicl 
are attainable oiwrailroads, depend on their diminuti 
friction. This is the chief element in the improveKicnt 
of the surface of all roads, and in the preceding chapter 
we have considered, in ihe order of their progressive 
merits, the various means which may be employed for 
that object. In railroads we have arrived at their 
climax. 

The essential attributes of a raijroad are two smi 
surfaces, usually of iron, for the wheels to run u] 
These surfaces must be made as narrow as possible, 
lessen their cost, and some contrivance to keep the 
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upon liem is then rendered necessary j ibe usual one at 
present being a projection, or " flange," on the inner rim 
of tlie wheel. 

Since ihe pecuhar wheels, which are the chief source 
of the superiority of railroads, prevent the vehicles which 
are adapted to run upon them, from being used on ordinary 
roads, railroads pass out of the practical scope of ihe 
present treatise ; for the details of their construction no 
longer belong to the community at large, but demand the 
highest professional skill of the Civil Engineer. The 
general interest, however, in the subject of railroadj 
seems to demand some explanation of the leading princi- 
ples which siiould govern those engaged in their establish- 
ment, and some account of the ingenious contrivances 
wbicli have been adopted to overcome the difEcuUies, 
which have, one after another, risen up in vain efforts to 
stop the progress of the giant. A brief popular view of 
these topics (without the minute practical details with 
which the subject of roads in general has been treated) 
will accordingly be given in the present chapter.' 

Wooden railways were employed as a substitute for 
common roads, in the collieries of England, soon after the 
year IGOO.t The earliest record of their existence is in 
tlie life of the Lord Keeper North, wherein it appears thai 
about the year 1670, they were used at Newcaslle-on- 
Tyne, for transporting coal from the mines lo the river, 
and enabled one horae to draw four oi five chaldrons. 

The principal anlhoriti™ cimmltBd hnve been Lfcount, " Trentin 
on RailwiLya," from (he soTsnlh edition of the Eacyclopedia Brilnniiicii ; 
Ritchit, " On Railways ;" Professor Vignalta' Leclana ; ond Iho report* 
and ducusmons in Iha "Civil Engineer and Archilecl's Jaunidj" 
"Journal of the Franklin Iiwllluto ;" " Americau liailroad Jaumal,*j 
t Ritchie on Railways, p. ID. 
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Subsequently lliesu wooden ruils were covered with plaU 
of iron ; but ilie jniroducljon of rails wliolly of iron seems 
not to have taken place till 1767," A projection, or 
flange, on the outer aide of the rails, kept the wheels of 
carriages upon them. They were then called " Tram- 
roads." The objeciions to them were the broad siirface 
of the plate, which collected obstniclions upon it, and the 
gieat friction of the wheeb against the side-flange. 

In 1789, was constructed the first public railway in 
England, at Loughborough, by Mr. William Jessop, and 
he introduced cast iron edge-rails, and wheels with the 
flanges cast upon them instead of on the rail, " Tram- 
roada" were, however, still in use in IBOS.t 

In 1803, malleable iron rails were first tried, but not 
approved of. In 1808, they were introduced into some 
coa! works in Cumberland, and used with complete suc- 
cess.! Since that time they have become almost imiver- 
aal, and have been formed inlo a great variety of shapes, 
the best of which will be noticed in the section on " Con- 
alruction." The progress from the use of horse power 
locomotives of the present power and speed, will be 
eluded in the examination of " Motive powers." 

In our condensed sketch of the extensive subject 
Railroads, divisions and subdivisions, analogous to those 
of the previously examined topic of roads in general, will 
be employed, and thus the coincidences, and the diifer- 
ences, of the principles appropriate to each, will be made 
more prominent and striking. 

The following is an outline of the proposed arrange* 
ment: 



■ UomblDwer'i Report to House of Cunimoiui in IBII. 

t Bltcliio, p S3- t B- StsvewoD'a Report, ISIi. 
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I. What Kailroads ought to be. 
To determine " What Railroads ought to be," it is i 
necessary to ascertain what are the Resistances to motion 
upon them which we must seek to overcome or diminish. 
The nature and amount of these resistances upon 
traight and level road will be first examined, and ti 
Eir increase on curves* and on ascents.^ 

BEaiHTANCES ON A BTRAICHT AVD LEVEL ROAD. 

The amount of these resistances has been usually ^ 
" H at 8 lbs. to a gross ton of S240 lbs ; or 1 to a 
it was assumed that a weight of eight pounds suspended 
a cord passing over a pulley, and allowed to descend 
^ its own gravity, (as down a well) would draw, i 

• Bee page !»8. \ Seo page !M. 
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' ttralghl and level railroad, a car allaclicd to tiie orliei 
L «nd of the cord, and weighing one ton ; or llial 1 pound 
I would thus draw 230 lbs. But later experiineiils have 
1 tliown that the resistance varies with the velocity ; thai 
it is 10 lbs. per ton at a speed of 12 miles per hour, and 
over 50 lbs. at 60 miles per hour. The most saliafaclory 
analysis of it, is given by the following empirical formula, 
dednced by Mr. Scott Russell (and communicated to the 
British association in 1846) from experiments on five dif- 
ferent railroads, mostly of the narrow gauge. 

The resistance has three principal elements ; Friction, 
Atmosphere, and Concussion. 

The first resistance is that of the Friction proper of the 
wheels and axles. It is constant at all velocities, and 
■^mounts, in the best-constructed carriages, to 6 lbs. per 
■ 4on weight of train." 

The second resistance is that of the Air, It is con- 

I aidered to be proportional to the surface of the front of 

I the train, and to the square of tlie velocity. It equals the 

[weight of a column of air, whose base is the frontage of 

Kthe train, and whose length is the height due to the ve- 

Rlocity. This weighl, for each stjuare foot of frontage, 

rand for a velocity of one mile per hour, equals 0.0027 lb., 

lb. For the usual frontage of 80 square feet, it 

I therefore one-fifth of a pound at one mile per hour. 

The third, or residual resistance, is probably due to 

I the unavoidable Concussions, oscillations, flexures, im- 

r bedding of wheels in rail, friction of air against sides, &c. 

Vlt may be hereafter decomposed into various elements, 

Ebut is now taken as proportional to the weight of the train 

md the velocity, and as being equal to ^ lb, for each ton 

f train, at one mile per hour. 







We are now prepared to firai the resistance {in Iba.) of 

fe straight and level railroad to the motion of a train of 

I, whose weight (in tons), velocity (in miles per hour), 

tnd ironlBge (in square feet), are given, by the following 

1. Multiply the weight by 6, — for friction. 

2. Multiply the weight by ihe velocity, and divide by 
3, — for concDssion. 

3. Square the velocity, and multiply this square by the 
frontage, and divide this product by 400, — for the at- 
mosphere. 

4. Add these three results, and the sum is the total ' 
resistance. Divide this by the weight, and the quotient 
is the resistance per ton. 

Example 1, A freight Irain of 100 tons ia tobe drawn 13 
miles per hour. Its Irontage is BO square feet What is Ibe 
resistance to be avcrconie by the motive force I 

Friction = 100 x 6 = 600 lbs. 
too X la _ , 



Cuncuasioa 
Atmosphere 



12 X 12 X 80 



=: 1029 lbs. 

lO; Ibd. 

A passenger train of 50 tons is to be drawn 36 
miles per honr. Its frontage is 80 aqoare feet. Required its 



lisunca =1136 Ib^ 



HBSirrANCES. 

A train of 25 Ions, at 60 miles psr hour, would 
meet a re^sUnce (by boih iheory and experimeni) of 55 lbs. 
Urn. This rapid inctease of resbiaDce with velociif, 
Uiikiiig, though it has been disputed by some expEritnenterB. 



The above formula has been tested by Mr. Scait R 
sell, and Mr. Wyndiiam Harding, chiefly for passenger 
trains of from 20 to 64 tons, and at speeds from 30 lo 60 
miles per hour. At lower velocities, its results some- 
what exceed those of the eicperiinenls. When the rail- 
road or carriages are in bad repair, or side-winds prevail, 
the resistances will be greater than are here given. For 
head-winds, the velocity of the wind should be added to 
that of the train. 

The following Table shows the Resistances to Trains 
of different weights, and at different velocities, as givci 
both by actual experiments and by the above formula 
the frontage being GO square feet. 
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When the motive'power is a Locomotive Engine, its 
own resistance must also be taken into account. The 
friction on its machinery, or working parts, may be taken 
at 7 lbs. per ton of its weight ; and its friction considered 
as I carriage at 8 lbs. per ton. To tbis should be added, 





icording to Pambotir, 1 lb. for each too of the load drawn 
lis Rtmospheric resistance is already taken into 
account, since, if again calculated and aliribuied lo the 
engine, it should be deducted from the train of cars, wbich 
the engine in front of them shields from it. 

The usual mode of recording the resistance as so many 

B. "per ton," does not give a satisfactory standard o£ 
comparison ; one of llie resistances (that of the atino- 
sphere) being independent of the weight of the train. An 
increase of this weiglit (which is the divisor of the whole) 
would therefore lessen the reaialaiice per ton, while it in- 
creased the total resistance. 

On the other hand, this almoaplieric resistance no doubt 
Tarics somewhat with the length of the train, and the con- 
sequent increased friction of the air against the sides of 
the carriages. Dr. Lardner (in his report of 1S41 to the 
British Association) considers " the resistance due lo the 
air to proceed from the effect due to the entire volume of 
the train, and not to depend in any sensible degree on the 
form of the foremost car." Sharp fronts did not diminish 
it, nor did an increased frontage (as formed by boards 
projecting on each side) much increase it. Barlow, in a 
paper read before the Royal Society in 1836, considers 
the resistance of the air to increase in a ratio, not as the 
square, but, not much higher than the simple velocity. 

A new formula, which assumes this resistance to be 
directly proportional lo the bulk of the train, and which 
also more minutely analyzes the resistances of the engine, 
has been deduced by Mr, D. Gooc/i, from exporimcnta 
made in 1848 on a "broad gauge" road. His results 
have been much disputed. Tl : following is an analysu 
'them: — 



XiaiST^NCES. 



For Ihe Cars, the Fnctional 



s taken b< 6 lbs. [ 



ton, aa before. 

The Atmospkeiic resislaoce is aEisumed as equal lo Jie aqua 
of the velocity, mulliplicd hj (ho bulk of Ihs trsin in cub 
■nd that product bj fingsn- Bach ton weight of ibe t 
iDfqnsecl to correspond to 180 cuUe feeL The Umasphc 
fistaace obtained by ihia fonnnla would equal that given by 
Russell, In iho caae of a load of 55J tons. For a greater loud, 
this forraula makea thia resistance jwDportioaally greater than 
BusseII'9, and for a less load proportionally less. 

The resiiual or t^cillatoij resistance is taken at only y'j 
product of the velocity by the weight, instead of J, as in 
(brmer formula. Mr, Gooch eonsideis this " oadllalory" 
sistance to be mainly the increased friction of the ade bearing 
npon its collars, in consequence of tlie transver^ vibrations at 
high veloeitieR, while Sir. Russell makea it include sll the 
aistancea remaining, after " fricttMi** and " itflKisphere'' are 
ducted from the total amount. 
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ExampSe 4. Let weight of train = 100 tons; velocity = 60 
laSea pet hour ; required thV resistance to the motion of tha 



FrJclii 
Oscillatioa = 



100X6 
50 X 100 



Atraoaphwc = 50 X 50 X 100 X ISO X y 

Total rt 



For the Ekgibe and tender, the resistance ia separated ii 
two puts. That caused by the friclian of axlea and machinery, 
h fin pounds per ton of their weight) equal to fi, pins one half 
the velocity in miles per hour. That due to abnospheie and load 
equals ynVcjr of the square of the velocity maltiplied by the 
weight of the train. These resistances would of course be dif 
ferent for each diPerent engine. 



.t'miinple6. WhlmeightoCtnuD^lOObHis; velodty— SOlDilea; 
(I Engine and tender ^ 50 tans, reqir'""'- ■■''°'''* **■*"" •-•' *!■- t-r.^^^^ 



6. + i X 50 — 30 lbs. per ton of their weight 
I X SO X 100 = 10 .■ " - 

tance of Engine and tendET — 40 X 50 — 20001b* 
! IVaiu aad Kugiae— 18S3 + 3000 — SB33 lln.. 

The discrepancies in llie resuUs obtained by various 
experimenters and theorizers, sbow ihc great deficiencies 
which Gxis: in the data of the experiments and in the ap- 
plication of ihe theoretical principles involTed. 

Assuming for ihe present Mr. Scolt Russell's formula 
■ to be approximately correct, we are next to examine ihe 
increased resistances which occur on curves, and on 
ASCENTS. This will be done under the heads of " What 
Railroads ought to be," as to their Directions, and as lo 
iheir Grades. 



S TO TMEIB DIBECmOII. 



1. V7HAT HAILBOADS DtTOKT»0 BE A 

Straightness of direction is mucli more important on 
railroads than on common roads, for two reasons , the 
economy of straightness, and the resistances and dangers 
of curves. 



ECONOMY OF BTRAIOHTNBSS, 

From the great cost of the superstructure of a railroad, 
and the continually increasing expense of keeping it in re- 
pair, it is highly desirable that it should be as straight, and 
consequently as short, as possible. 

As the earthwork of a railroad costs almost nothing for 

repairs, while those of its perishable supers truclu re aic 

very great, and proportioned lo its length, as is also the 

cosl, in fuel, wages, and wear and tear of the engines, 

' vt running the road, it will often be advai\tag,e^.ua to 




Economy of stwaightness. 
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large expenditures for the former tlemenl of cost, 

order lo lessen ihe lenglii of ihe road, and consequently 
the annual expenditures for the laller." 

Suppose the total cost of a railroad to be $30,000 per 
mile, the interest of which is $1S00; the annual repairs 
of ihe superstructure $1000 per mile ; and the expenses 
of engines also $1000 per mile. The total annual ex- 
pense will then be $3800, which is the interest of $63,000, 
which sum might profitably be expended to shorten the 
road one mile, or $12 to shorten it one foot of length. If 
ibis single foot gained was the only result of a day's labor 
icf a locating party, it would be a salisfactory equivalent 
for ihe expenses of such a day's work. 

On these grounds, a lAort route, which has the faults 
at sleep grades and curves of small radius, may profitaHIy 
k outlay of capital upon it, for the purpose of 
lessening these defects, equivalent to the cost of the dif- 
ference of distance between it and a longer Line, which 
has better grades and curves. 

From these considerations it is also seen that a line 
ought not to diverge from the direct course between its 
extremities, and thus increase its distance, for the sake of 
ihe trade of a small town, for whose benefit the lime and 
fere of all the passengers and freight on ihe whole line 
■would thus be taxed. It would be preferable lo make a 
branch track lo the town. ^J 



Curves are necessary evils on most routes, enabling 
them to pass around obstacles, such as projecting hills, 
Cfleep hollows, houses loo valuable to be removed, &c. 

' Se« Amer. Bailroad Journal, August, 1S39, for lui able developniBiit 
It thin pa^C fl. Iff W. B. Ciwey, C E. 





RAIL-KOAUS. 

Tlie greatest economy in curving is found wlien 
I located in a narrow and sir.uoua vai|ey, with 

vindings can be cheaply followed by suita 
adjusted cun'cs. When llie line rrosses a series 
3 transversely, and nearly at right 
|eneral direction, there would be little economy in h 
leviationand curvature. 
The evils of curves are the resistances which they 
f to the motion of cars, and the dangers to which they 
I pose iheni. 

The following are the four principal causes of the 
tances on curves :• 

1. The obliquity of Uie direction of the moving power; 
I. e. the angle Which the line of traction, drawn from 
engine to each car, makes with the tangent to the ci 
at the middle of each car, in the direction of which 
cars tend to move. 

2. The pressure and consequent friction oflhe 
of the wheels against ihe outer rail, due to the centrifi 
force. 

This is partially obviated by elevating the outer rail 
will be hereafter eiplained. 

3. The pressure and consequent friction of the flanges, 
due to the parallelism of ihe axles ; for the directions of the 

angents at the points of contact of each pair of wheels 
are differeni, and therefore if one pair of wheels be per 
pendicular to its corresponding tangent, the other pai' 
will be oblique to Us tangent. 

This resistance is panly remedied by allowing a "pK»" 
of an inch or less between the wheels and the rails. U 
diminishes as the axles arc placed nearer to each othc* 
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KESISTANCES UF CUaVEB. iilii 

and u therefore much Jcssened by supporling thu cars 
on two trucks, cacli resling on four wheels, the two axles 
of wiiich are very near to each other. 

4. The fastening of each pair of wlieels to the same 
axle, with which they turn," The wheel on the outer 
side of a curve must revolve farther, and therefore faster, 
than the inner one, which must slide (if both arc of the 
same diameter) by an amount equal to the dilforciice 
between the lengths of the inner and outer rails of the 
curve. 

To lessen this resistance, the wheels are made conical, 
with their inner diameters greater than the outer, so that 
on curves, the outer wheels run on their greater diameter 
and the inner ones on the less. This cone may be so 
adjusted, that the wheel can run in a circle of 595 feet 
diameter without the flanges touching the rail. It was 
at first 1 iu 7. but has of late been reduced to 55 and Vf 

Without those arrangements, the resistance of a curve 

o* even a mile in radius, at a speed of 35 miles per hour, 

■ would equal that of an ascending grade of Pj feel pet 

mile ; and one of 700 feet radius, a grade of 77 feet, .kc. 

The actual resistance has been very imperfectly a 
ttined. 

Mr. Latrobe's eiperimenti in 1844, od llie Baltimore and Oliio n 
m^ indicBtfl that a enno of -100 Tect railiui (14^°) doubles tba ii 
■Bog as compared wilti a iLraigbt and level lliw, for an pi^huwheel M 
■t 31 milei per hour, tlie originat reaistance being T.5 Iba. pi?r to 
■ r curve, or 5730 (cet radiuG, would be equivalent to a resiatan. 
141=0.53 lb. per ton, or to an aacrnt per mile=^O.SS X 6SS0-i-S!M 
I n feet. 

Mr. Eltwood Morris conaijera this loo uiUL'b,and ragacilB a 1° cur 
eq;al<alent to an nacciil of 1 foot jjer mile. Tjiia rarrrsponds lo 0,4! 

• If they turned uu the aiJo, as in orJiaury carriarfsa, llw^ ww^ 
aol have sufficient bteadiaeas to tin truly u\. Ui^ ^dnaV^iek— \A.<xnvni 
p 134. 



On Ihe Pcnnajlraiiia Jcnlra! railcDad Lhe grade was leilurcd on currra 
at tho rate of O.Osn {oal per 100 fret |>ct ifi-ne uf cutvaluro. Tti'» 
makes a 1° curve=1.3a feel per mile^O .iO llis per Ion. 

On the Nfw Vork and Erie railroad, a curve of 9G5 feet raJiuc I'aUBH 
more reBistancs than a 10 f«t gratlc. Thrn a I" curve noulil Eanw 
more than an aacent of l.GT feet per miW, oi O.T lb. per tan. 

The amount of mechanical power absorbed in passing 
around a curve is altogether independent of the radius oi 
the curve, and depends only un lhe amount of the enllre 
angular change in the direction of the line. When llie 
curve !ias been run by "Angles of deflection." its length 
in chains, mullipllcd by its angle of deflection, equals tlie 
enlire angular change. Thus, a curve of 1", 30 chains 
long, offers the same resistance as one of 3", 10 chains 
long." Sharp curves are llierefore not objectionable on 
the score of loss of power, though highly so from theii 
wear and tear of engines and cars, displacement of rails, 
danger, &c. 

The danger of running off the track is much increased 
by curves, even of large radius, especially at high ve- 
locities. The momentum of lhe cars impels them onward 
in a straight hne, and ihey are kept within the rails only 
by the flanges of the wheels and the firmness of the 
outer rail, the resistance of which gradually makes them 
follow lhe curvature of the road. If lhe momenlutn 
should exceed lhe resisting force, the cars must obey lhe 
former and leave [lie track. Curves at the foot of incli- 
nations are therefore especially objectionable, since the 
cars will come upon ihem with excessive velocity. The 
rocking and twisting motion thus given to the cars indi- 
cates the dangerous tendency which ihey thus ncfiuirc. 






IFlien sharp curres are unavoidable, lliey shouM, i*J 
rasaible, be located near stopping-places. They shoula 
not be placed on a sleep slope, on account of the double 
rcaislance wliich would then be caused to trains ascend- 
ing, and the increased danger of running off to trains rap 
idly descending. But if such location on a long slope be 
unavoidable, ihe grade should be flattened along the cun'e, 
and the difference applied to the straight portions. Curves 
should not be in deep cutting, where the impossibility of 
seeing far ahead might cause collisions, but on the parts 
in embankment, or on the surface. 

The increased velocities of the more recent railroads 
have greatly lessened the permissible smallncas of the 
radii of curves. For the usual speeds employed on ih? 
English railways, it is recommended, that the minimum 
radius should be one mile. On the Baltimore and Ohio 
railroad, however, one of the earliest in the Uuitcd States, 
there are several curves of 400 feet radius, (14J°) and one 
of 318 feet, (18°) over which locomotives pass without 
difficulty at a speed of 15 miles per hour. 

The minimum in France, allowed by " L'Adminiitra^ 
tion des Fonts et Chaussees,'' is 2700 feet ; or about 2".' 

The minimum curve upon the Hudson River railroad 
has a radius of 2062 feet=2J°. 

By the Parliamentary " Standing Orders" of 1846, a 
R;iilroad Company cannot diminish the radius of sny 
curve to less than half a mile {2640 feet) without tlie^ 
jecial permission of Pailiament. 
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A, WHAT RAILROADS OU&HT TO BE AS TO TOCIS QRADSE 

The quesiion of llie steepest gradu admissible pa a 
railroad is nol one of praciicabiliiy, as is often supposed, 
but only one of comparative economy. Locomotive en- 
gines can be made to ascend grades of almost unliiniied 
steepness, by a proporlionale increase of their power and 
adhesion, but their ascent becomes less and less useful in 
jiroportion as the grades become more and more steep,. 
On an ascent of 19 feel to the mile, an engine can draw 
only about one-half its load on a level ; at 38 feet to the 
mile, only oue-tliird, and so on, (adopting the uBua!* 
though insufficient, ratio of 8 lbs. to the ton, or 1 to 280, 
as the resistance on a level) since, on this supposition, 
if the railroad rises 1 fool in 280, an additional force of 
8 lbs. will be required to draw one ton up this ascent, 
(see page 32) and tlierefore double the former force will be 
needed to draw the former load. Only half the load, 
therefore, could be drawn by the some force ; or that 
amount of power wliich could draw a load a mile on a 
level, would be exhausted in drawing it half a mile up 
this ascent.* 



T! 



• The priciea rnlio between Oio Iglal resislanoe on a level road, and 
Ihat on any ascent, and Ihareforo botween Ihe comparative loads which 
can be carried on each, majr be bund by the proportioa which will dow 
be iavcHtigaled. 

The loads on a level, and an an ascenl, are in the invene ntio at the 



The load on the level ii 



IB load up the ascent, aa the telal reaiat- 
ance on the ancflat U to the resiatance on the level 

The rcalatance aa the ascent ia compounded of that of rriction, &c. m 
the level, and that of gravity, which is suoli a pait of the whole i< 
>he height sf the accent ia of ita tec^, as ihown on page 33. 



REBISTANCBS ON AfiCENTB. 

^opting the more correct ratio of 10^ tbs. per ton, oi- 
as ihe resislance at ihe jsual freighl speed of 
12 milea per hour, (see page 266) it would require an 
ascent of S4 feet per mile to double it, 48 feet to triple it, 
and 80 on. When the resistance is increased to 20 lbs. per 
ion, or 1 10 112, (as in the case at high velocities) an as- 
cent of 47 feet per mile is required to double it ; and a. 
resistance of 30 lbs. per toa corresponds to an ascent of 
70 feel. 

These results show that heavy grades are proportion- 
alltj less injurious on a road where great speed is em- 
ployed, with correspondingly great resislances, though the 
absolute loss of power caused by them remains the same. 
The late discovery, that the resistances at even slow rates 
of travel are greater than had been supposed, lessens 
greatly the objections to heavy grades, and shows thera 
to bo relatively much less injurious than had been imag- 
ined, seeing that so much greater an ascent is required tQ 
double the resistance. Besides, a small diminution in the 

Lei thea /= Resistance {in Iba. per lou) on a level. 

A = Ascent in feel par mile ; andTSoj: = InclinalioD. 

^L 5^ ^ ^**"="^= ResBrtance pet ton of Qravity. 

^^^ f+ art ~ l*"^' reaiBtsnc- an the inclination. 

The above proportion then bfcomei, 

I^nd on level ; Load up ascent ; : / + -55- '• /■ Whence, 
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When the motive power is a Looomollve Enginp,aB ie usual, lis weigbtl 
nuM be included in the " Load on level," used iu the cilcalalion, ■ 
Snally subtrarted from tho rcantting " Load up ascent." 

ExantpU. — Litt the weight of llie can drawn au a level, at 12 milet '' 
)BC hiMir, bo 447 tons ; IhQ on^iao 30, and Uio tuadei W tau& -. na£im)& J 
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felocity of the train would compensate for tli 
Rsistance of quite a steep grade. 

le cost of draught on a railroad is nearly as ilic power 
mpioyed, so that it will' cost nearly twice as much lo 

I carry a load on a railroad with an ascending grade of 24 
feet 10 the mile, as to carry it on a level route. This 
consideration will therefore justify large expendiiures 
upon the excavations, embankments, &c., of a railroad, 
with a view of reducing its grades. The propriety of 
such expenditures is lo be delermined by comparing the 
annual interest of the amount with the annual saving 
power ever after, in drawing the expected loads on 
flattened road. 

But, on the other hand, this principle may be carrit 
excess. These great expenses for_ graduation should be 
incurred only when maximum loads are to be constantly 
carried at high speeds, as on important leading lines of 
great traSic. Much steeper grades, than would be other- 
wise allowable, may be adopted on roads on whicli maxi- 
mum toads are not often carried, and on which the trains are 
required for public convenience to go often, and will 
therefore generally go light. The engine may be able to 

I draw 400 tons on a level, and may seldom have more 
than 100 to draw. In such cases the true economy is. 
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not to go to gr:it expense in order to rcJuce the grades 
below such a degree of steepness as wouSd permit the 
engines to draw op their usual small loads ; nor to allempi 
to make a very level road, on which ihe engines could do 
a great deal, but would have very little to do. The 
same reasoning applies to railroads lietween places fur 
nisliing but a moderate amount of travel, such as the 
thinly settled parts of this country. Should the travel 
subsequently greatly increase, in an unanticipated degree, 
more frequent light trains could be sent. The enormous 
expenditures sometimes made in such situations to make 
a perfect road, have been too great for the scanty travel 
to pay interest upon, and have discouraged the proper 
construction of such as would have been really profitable. 

A great reduction of the first cost of a railroad may often 
be made, without much increasing its subsequent ex- 
penses ; Inasmuch as the capital expended in the gradua- 
tion of a road has averaged, in England, fifteen timea the 
cost of the locomotive power ; and as ihe daily cost of 
transit, due to this iast, is aiso very small. Locomotive pow- 
er forms only about one-third of the whole working expen- 
ses of a road ; and only a part of this, say one-half, is hkely 
to be affected by the grades ; so that there is only one- 
sixth of the whole working expenses, which can be saved 
by making a road theoretically perfect in grades ; a small 
consideration for the interest of the extra capital, unless 
the traffic is likely to be continued, regular, and very 
heavy. 

In brief, first determine precisely what is wanted. If 
the best possible road would be justified by the import- 
ance of the tralBc, make it as perfect (t. e. as straight, 
level, and unyielding) as possible, so that it can accom- 
plish the greatest amoutf of labor in the least lime and 
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with ihe smalleat expenditure of power. If a cheap 
though inferior roa 1 will accommodale the traffic expect- 

such a one be made, 
in comparing two roada beiween t!ia same points, one 
of which is level and the other has a Bummil, reached fay 
an ascending grade, succeeded by a descending one, il 
must not be overlooked that there is a certain degree of 
cornpensaling power in the dciscent. As to how much of 
the power lost in the ascent, is gained by the assistance 
of gravity in the descent, there is great difference of 
opinion. It was formerly supposed that on descenia 
steeper than the angle of repose, 1 in 280, or 19 feet la 
the mile, the cars would be accelerated by the force of 
gravity, (which is just balanced by friction at that inch- 
nation) and that the brake would then need to be ap- 
plied, so that beyond that limit no more assistance could 
be derived from gravity. But it has been found by recent 
experiments tliat the resistance of the air to the motion of 
cars is far greater, and increases wilii tlic speed much 
faster, than had been imagined. Tliis resistance, there- 
fore, opposes the accelerating tendency of gravity wilh a 
force increasing with the velocity, so that trains of cars 
may safely descend inchnations of 60 feet to the mile. On 
planes of 53 feet to the mile, trains have commenced 
the descent at a speed of 40 miles per hour, but instead 
of this velocity being increased, it was reduced lo 30 
miles per hour. Railroads may therefore be laid out 
wilh grades of nearly 60 feet to the mile, with little or no 
loss of power in the descent ; and there is little practical 
loss of power in the ascent, if the loads are such as dii 
not task the engines to their full power on the level por 
tions of the road. In England it has been found thai 
cheap lines with s^eep grades have nc'. cost much more tc 



UNDULATlNti R At 1^- ROADS. 

work tliem ilian some wliich had cost two to three hun- 
dred thousand dollars per iniJe. We may therefore con- 
clude that Navter's maxim, that " The amount of power 
required to effect the transit of a line of railroad, depends 
entirely on the length of the line and the difference of 
level of its two exiremities," is true, if none of the incli- 
nations upon it exceeds 60 feet to the mile, and if the 
engine is Dot obliged to carry its maximum load on a 
level. I 

This principle of compensaiion oa descents was carried ■} 
to such excess a few years ago, that it was snnguinely 
recommended to make all railroads undulating, carefully 
avoiding all levels, and establishing a continual succession 
of ascenla and descents. It was argued that the momen- 
tum which the cars acquired in descending one slope, 
would carry them up the neil, just as a pendulum swings 
as far to the one side as to the other; and that having 
received an impelling force at one end of the road, they 
would reach the otiier end, down one of these slopes and 
up the next in turn, by the assistance of gravity alone. 
Volumes have been written in attack and defence of 
this theory ; but the most fatal objection to it, even sup- 
posing the undulations all properly arranged, is, that the 
velocity which a irain must have acquired when it hid 
reached the foot of one slope, to be sufficient tc carry it 
up the next, would be too great for safely, and ihat I 
irregularities of speed would be destructive to the cai 
tnd to the road. 




The width of a railroad la the first element of its crosi 
I .ffeclion to be coDsiderGd, and it depends upon the widtli 
r^tween the ionei sides of ihe rails, which is called its 
I " Gauge." 

THE BROAD ASD NARROW OAUOE QVESTION. 

The customary gauge is 4 feel 8| inches ; varyingfroiii 
4"8 to 4-'9, according to the space deemed necessary for 
the play of the flanges of the wheels. This is called 
ihe " narrow gauge." The " hroad gauge," first intro- 
duced by Mr. Brunei, on the Great Western Railway in 
England, is 7 feet. Between these two gauges is slill 
going on the fiercest contest of the many which hnve 
arisen on llie various doubtful points in the construction 
of railroads. 

The original railroads were made of the same width as 
the tram-roads, on which ran common wagons. This 
width happened to be 4 feet 8^ inches. The new rail- 
roads adopled the same width, for the convenience of 
using upon them the same cars, and thus this width be- 
came almost universal. Our American roads, using al 
first English engines, were necessarily formed with an 
identical gauge. Other gauges have also been employed. 
FouT feet 10 inches is the New Jersey and Ohio gauge. 
Five feet is the gauge of Virginia, East Tennessee, and 
the north of Georgia. Five feet 6 inchea is the gauge 
in Maine, (Atlantic and St. Lawrence Eoad) in Can- 
ada, (by general law) and in Missouri, (by law oi 
1835). Sis ffet is the gauge t f the Erie Kailroad, and 
of its connecting roads. 



ADVA.VTA0E3 OF THE BROAD OAUQE. 

The trick being wider, the cars have a broader base ; 
Bj that if the frosl, or any other cause, raises or lowers 
one side of the road a certain amount, say one inch, il 
will cause an angular inclination of only 1 in 84 on the 
wide track, but I in 56i on the narrow one. 

The breadth of base being greater, the centre of gravilv, 
with equal loads, is lower ; so that ihere is less danger of 
the cars running off the track. They have also less lat- 
eral motion and greater steadiness, and thus add much to 
the comfort of the traveiler. This steadiness may also be 
increased by placing the wheels outside of the cars. 

The broader base permits the wheels of the cars to be 
proportionally increased in size, and thus is obtained great- 
er leverage for overcoming the friction at the axles. 

Instead of letting the cars remain of the same width aa 
now, in order to increase the steadiness, their width may 
be increased to correspond with that of the track, (making 
it 10 or 11 feet instead of the present 8 or 9) and then 
they will be as steady as at present, but be much more 
commodious for passengers, (giving space to sleep and 
eat) and more convenient for packing bulky freight, aa 
hay, cotton, lumber, barrels, cattle on the hoof, &c. 

The preceding are the advantages belonging to the cars • 
those gained by the engines are still greater. 

The narrow track does not give width enough to make 
sufficiently large, and to arrange to the greatest advantage, 
the various parts of the engine. With their usual con- 
Btruction, the highest profitable speed for maximum loadi 
(at the average working pressure of steam) ia about 
miles per hour. To carry the same load at twice 
speed, it would be necessary to double the quantity 
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Bleaoi ganeraied ly the boiler, and therefore to double 
either its length ( r its diameter. The length of its lluea 
cannot be advantageously increased ; iherefore the en- 
largement must be ilial of iu breadth. To effect this, 
more space between the wheels is needed, and lo gel it, e 
wider track is required. 

Even if it be not required to carry great loads at high 
speeds, the surface of the boiler, being larger, may be 
less intensely heated, and will therefore last longer. 

As larger driving wheels may be used on tJie wide 
track, theii adoption will enable greater speed lo be at- 
tained without increasing ihe rate of motion of the piston. 
The expansive force of steam may therefore be employed. 

The larger and niore powerful engines will do more 
work, with no more men, than smaller ones. In them 
there is therefore the same economy as in Jarge sliipa. 
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OBJECTIONS TO THE BROAD OAUOE. 

More ground is required ; and the excavations and em 
bankmeiits are wider, and therefore more expensive. 

The axles must be heavier to have the same sireogtli u 
before. 

There is an increased resistance on the curves, in con- 
sequence of liie increased sHding of the inner wheeie, 
which is equal (as was seen on page 373) to the differ- 
ence bctvi'ecn the lengths of the outer and inner rails, an*! 
riierefore proportional to tlie dilTerence of the respective 
radii of the curves. 

The larger engines of the broad gauge roads have n»re 
power than is generally needed, and therefore part of it Ja 
practically wasted. 

But on tlie whole, for a great road, the advantages of 
the broad gauge would indisputably overpower th« objec 



liona to it, if il were nol for the evils of " The break of 




^' This is the name given to the interruption which occurs 
whenever a road of broad gauge meets one of narrow 
gauge, and which renders necessary the change of pas- 
sengers, baggage, and freight, from one set of cars to an- 
olher, and prevents liie same cars being run through without 
transhipment, or " breaking bulk." Passengers thus suffer 
much delay, confusion, and discomfort ; and merchandise 
is exposed to damage and risk oflosa, in being thus changed 
from one car to another midway in its route, besides in- 
curring much unnecessary expense. The speedy convey 
ance of troops is also an important consideration ; for 
railroads are one of the most powerful means of national 
defence, enabling an army to be concentrated rapidly at 
any point attacked ; but iheir value for this purpose would 
be greatly lessened if it were necessary, at some " break 
of gauge" on the route, to stop and lose the time neces- 
sary for transferring the troops, with their artillery, stores, 
&c., from one set of cars to another. 

Most roads belong to the narrow gauge class. In 
England the proportion is as 7 to 1 ; there being in op- 
eration, in 1846, 1901 miles of the narrow gauge, and only 
274 of the broad. Every new road of broad gauge, con- 
necting with a narrow one, therefore increases the evils 
of ihe break of gauge. The importance of lessening 
ihem has given rise to various contrivances for that pur- 
pose. The following are the four principal remedies pro- 
posed. 

1. Telescopic itxles. The axles have been so amnged 
that one portion slides in the other, like Ihe joinU of a 



4 



tcleacope, so that ihe distance between ihc vvhecla can be 
80 adjusted aa to suit either the broad or tiic narrow gaujp. 
To lessen their gauge, the catch which fastens them ti 
loosened, and ihc carriage is pushed along a pair of rails, 
the space between whicli gradually narrows from 7 feel 
to 4 feet 8j inches, and [hits the wheels of ihe carriage 
are gradually forced nearer to each other. To widen 
their gauge the operation is reversed. But, besides the 
expense of the alteration, there is a resulting unsteadiness, 
and consequent liability to danger. 

2. Low tnicki on the broad gauge roada may have rails 
laid on them 4 feet 8\ inches apart, upon which the nar- 
row gauge cars may be run, and thus be carried on tiie 
broad roads. But this contrivance raises the centre of 
gravity, making the whole top-heavy ; and adds so much 
extra dead-weight to the load. Besides, it does not provide 
for conveying [be broad gauge cars on the narrow roads. 

3. Shifting car-bodies for passengers liave been pro- 
Tided, which could be swung, by powerful cranes, from 
one set of wheels to another ; and Moveable boxes, lo re- 
ceive merchandise, have been made of such a size, that 
one should be carried on a narrow gauge track, and two 
on a broad one. 

4. Extra rails have been laid, ao that the same road 
could be used for both classes of cars ; a pair of narrow 
gauge rails being laid within the broad ones, or only a 
single rail being laid, so as lo be 4 feet 8J inches from 
one of the broad gauge rails. But, besides the expense 
of these arrangements, tlicre woi\Jd be increased danger 
at the crossings. 

All these remedies are imperfect ; and the " break of 
gauge" seems to be an evil for which there is no cure, 
cept in destroying its cause. 
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THEIR GAUGE. 2(fl ' 

The Royal Commission, appointed by ilie British Par 
iiament, in lt^45, to investigate this subject, made an elab- 
orate report in 1846, and sum up as follows : 

" 1 . As regards ihe safety, accommodation, and conve 
nience of the passengers, no decided preference is due to 
either gauge ; but on tiie broad gauge the motion is geo 
eraliy more easy at high velocities. 

" 2. In respect of speed, we consider the advantages 
are with the broad gauge ; but we tiiink the public safety 
would be endangered in employing the greater capabih- 
liea of the broad gauge much beyond their present use, 
pxcepl on roads more consolidated, and more substan- 
tially and perfectly fonned, than those of the existing 
lines. 

" 3. In the commercial case of the transport of goods, 
we believe the narrow gauge to possess the greater con- 
venience, and to be the more suited to the general traffic 
of the country. 

" 4. The broad gauge involves the greater outlay ; and 
we have not been able to discover, either in the mainten- 
ance of way, in the cost of locomoUve power, or in the 
other annual expenses, any adequate reduction to compen- 
sate for the additional first cost." 

They recommend " that the gauge of four feet eight 
inches and a half, be declared by the legislature to be the 
gauge to be used in all public railways now under con- 
stniction, or hereafter to be constructed, in Great Britain." 
They add, tliai " great commercial convenience would be 
obtained by reducing the gauge of the present broad 
gauge lines to the narrow gauge ;" and " think it desirable 
that some eijuilabie means should be found of producing 
fcuch entire uniformity of gauge, or of adopting such other 
r.ourse aa would admit of the narrow gauge carriagci 
19 
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passing, wilhout iiilcrruption or danger, along the 3i»ad 
gauge lines." 

The final conclusion seems to be that, if all ntilroads 
were now lo be constructed anew, a gauge of five and a 
half, or six feet, would be considered most desirable ; bul 
that the evils of a "break of gauge" are so great, in the 
present preponderance of narrow gauge roads, aa to over- 
balance the disadvantages of the narrow gauge ; which 
should therefore be adopted by all future railroads which 
are lo connect with oihcs. 



WIDTU OF KOAD-BED. 

When the gauge has been decided upon, the necessary 
width of the roadway can be determined. When the road 
Jias a double track, the middle space between the two 
pairs of rails, for convenience and safety, shoidd not be 
less than six feet. The side-spaces, outside of the rails, 
should, for safety, be a lillle more than the width of the 
track, particularly on embankments ; so that if the engine 
gets off the track, it may still remain upon the bank. This 
width also gives greater stability to the embankment and 
10 the rails laid upon it, diminishing their liability to be 
disturbed by slips. These side-spaces are from 5 to 6 
feet on difTerent railways. They should be greatest on 
roads where great velocity is adopted ; on high embank- 
ments ; and on the outside of curves. They will of 
course be less in tunnels, viaducts, bridges, &c. 

The total width of the road-bed of a railroad, with nar^ 
row gauge and double track, will therefore be 6 + 2 {4$) 
+ 2x6 = 27^ feet. In excavations, the widths of the 
ditches on eacli side must be added. 

The total width of a double track railroad is tisa- 
lt}lf about 2S feet in cxcftv&tiovis awd 24 foet in em- 



TREIR WIDTH. 

banktnents Single track railroads are about ten feet 
less, say 18 and 14 feet. These dimensions are used 
when great economy is reqnirec^ and are increased 
for wet cuts and high banks. 

If it be {»xqM)sed to lay only a single track' at firsts and 
sobsequentty to add a second one, the cuttings and fillings 
shonld always be made e^ Jirst of the full width for a 
double track ; for the extra expense of the additional width 
is but a «malt prqyortion of the whole, and a narrow cUI 
or bank, is, from the want of room for the carts, &c. to 
pass, worked much more disadvantageoosly, and therefore 
much more expensively, than a wide one. If an embank 
ment be subsequently widened, die new .portion will not 
adhere to the side of the old one without forming the lat- 
ter fato steps ; and in widening a rock excavation, a single 
blast might render the road impassable for many hours.* 

The other subjects properly belonging to the " Cross* 
section,'^ such: as the elevation of the outer rail on a curve, 
&c., win be more advantageously examined under th^ 
head of " Superstructure." 

• » ■ » . . 

• Gea MeNeiil's Report ok Mam. Western Railroad, 1836-7, p(b 39-4i 
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RAIL-ROADB. 

U. THE LOCATION OF KAILH0AD3. 

The locaiion of railroads Is guided by ihe Eanie princi' 
pics aa that of common roads, and made in simitar man- 
ner , but the greater importance to railroads of straight 
lines and easy grades, as lias been shown in ihe preceding 
seclion, justifies and requires i- much greater expenditure in 
ihe surveys which seek the attainment of Uiese, and in 
the excavations, embankments, and bridges by which lliey 
are secured. The minor undulations of the country are 
disregarded, for they can be readily overcome by llie ciit- 
lings and fillings wliich will be demanded by any traffic 
which is important enough to need a railroad for ils ac- 
commodation ; and slraiglitness is the first object : where 
a. common road should go around a liilt, a railroad should 
cut through il. For this reason, the compass, or some 
other angular instrument, usually takes the lead in the 
location, and is followed by the level. Upon the rough 
plot of the survey, curves are pencilled in, their centres 
and radii are determined, and then they are laid out on the 
ground, being corrected, if necessary, by calculation or 
by trial, till they pass through the desired points. The 
important calculations for excavation and embankment are 
identical with those of common roads ; but the estimate 
must include the new items of superstructure, of engines 
cars, &c,, which are to be presently examined. 

In examining the comparative merits of two riva' 
routes, the relative importance of distance and grade 
or shortness and steepness, must be determined by the 
considerations given on pages 276 — 281. To determine 
which is the least objectionable in amount of curvature, 
calculate the angular deflection of each curve, as ir.di- 
cated on p. 274. The sum of all of these on each line 
will be its total deflection, and v\\e '^to^x ^N&tvi&xd fot 

iparing it with othera. 



III. THE CONSTRUCTION OF RAILROADS, 
The two principal divisions of this part of the eubjecl 
are — " Forming the Road-bed," (which corresponds lo the 
general " Construclion" of common roads) ; and ih« 
" Superstructure," which includes the Rails, and theii 
supports, ties, <kc. 
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EXCAVATIONS. 

;The Excavations on railroads are often of much greater 
hs than are ever necessary on common roads, the 
extra eicpense being amply repaid by the advantages of 
the easier grades and straighter lines thereby attained. 
There ia an excavation (in sand) on one English railway, 
110 feet deep; and on another, 16,000,000 cubic yards 
of material were removed. The thorough drainage of 
hese e.Ycavaiions by ditches, croES-drains, &c., is of the 
highest importance. Their sides often need lo be sup- 
ported by retaining walls, in order to make steeper slopes 
possible, and thus to lessen their top width, when they 
pass through valuable ground. Sometimes these retaining 
walls are supported by iron beams, or flat arches, extend- 
ing across the railway at a sufficient height to clear the 
engines. In one remarkable culling, 60 feet deep, the 
upper portion of it was rock, but the lower looser matter, 
if the whole cutting had been extended upwards, wilh 
such side slopes as the looser and lower portion required, 
it would have been more than 200 feel wide at its top, 
and would have involved very great expense in the re- 
moval of so large an amount of rock. The sides of the 
cutting were therefori made nearly pe^^endLC\lla.'c^%nd.^^ 



r 

^^H iooee 
^^f walla, 
I are ao 



^ 



iooee strata at the bottom were supported by rclainiiq 
walla, carried up till lliey reached the solid rock. Such 
are some of the ingenious expedients rendered necessary 
by the gigantic construclions of modem railroads. 



The depth of an excavaiioo frequently renders a linnet 
more economical. In conslructing one, the centre line of 
the road must be set out wilh very great accuracy upon 
the surface of the ground, (by a Transit instrument) and 
"shafts" sunk at proper intervals along this hne. The 
■excavations are made by "headings," or "drifts," from 
shaft to shaft, and to the open ends of the tunnel. The 
material excavated is raised through these shafts, which, 
after the completion of the tunnel, serve as ventilators. 
Their distances apart should be from 500 to 1000 feet. 
If the material be earth, or stratified rock, the crown of 
the tunnel, and its sides, must be supported by a brick 
arch, and the excavation kept only a few feet in advancr 
of the completed arch. '^^H 

The height of lunnele, in the clear, varies on the !^^^| 
liflh railways from 17 to SO feet, and ibe width, I^^H 
double track, from 22 to 30 feet. The average sectional 
area in the clear, is 450 square feet ; when an arch is 
required, the excavation would contain about 700 square 
feet. The cost per lineal foot of the English railway 
tunnels, has ranged from $30 to $150. If sufficient lime 
had been allowed, they could generally have been executed 
for |(60 per lineal foot. A number in England are over a 
mile in length, and one is more than a mile and three 
quarters. A gigantic one has been lately projected, which 
lis to pass under the heart of London, reaching in one place 
[•« depth of a hund -sd feet beneath the surface of the ground 




EHBA\!IME\T8. 

[The embankments of railroads demand ihe use of every 
Bossible precaulion to ensure their solidity; not only on 
account of iheir size, but because the vibrations impartai 
lo them by ihe passing trains, greatly increase ihcir teffl 
dency to slip. The eapense and time required lo forD 
ihem in layers, as recommended on page 166, often forbid 
the adoption of that method. They are usually con- 
structed by raising them to their fgll height at one end, 
and so carrying them onward. Temporary rails are laid 
along the bank, and extended with it, and on them wagons, 
containing each about 3 cubic yards, are drawn by liorsca, 
or by locomotive engines, if the distance, or " lead," Ij^J 
great. 

h has been ascertained that, contrary to the usual ihe^ 
01/ and practice, the quantity of work which can be done 
on an embankment so made, and, consequently, the time 
which will be required for its completion, does not de-_ 
pend on the area of the face of the cutting which supplia 
it, or on the number of wagons wiiich can be filled in | 
together ; but on their rate of speed, and on the number ■ 
of them which can be emptied in a given lime over the 
bead of the embankment, to the lop width of which this 
element is proportional. The number of wagons drawn j 
together in a " set," should increase or decrease with th^ 
length of the " lead," and the breadth of the end of tbl 
bank ; and the number of " sets" should be increased ^ 
certain exact periods in the progress of the work, whio 
are susceptible of mathematical determination." 



P These pointo are very cleurly and Tully namined in " Lawi of 
a and Gmbankmcut on Raitwaya," Lcndoa, 1%4K. 
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When a railxoud pusses ibrotigli i wooded snamp, 
where no materials for embankmeDt arc at hand a cheap 
and efficient substitute will be formed by a series of tim- 
oer trusses. Piles of 15 inches diameter, not sharpeoed, 
are driven so as to form two lines, at a distance from eadi 
other equal to the widlh of the railroad. Transverse lies 
arc fastened across their tops, which are braced by in- 
clined stmts, the lower ends of which abut against short 
piles. Longitudinal timbers are laid on llie lieada of the 
piles to carry the rails. Various combinations of the 
trusses arc employed, according to the height of the su 
perstructure above the surface of the ground. After the 
railroad has been thus constructed, it may be gradually 
banked up to the level of the rails, by taking advantage 
of its facilities of transportation, to bring earth frwD a 
distance to the places where it is needed. 

The side-slopes of both the excavations and the em 
bankments should be sown with grass seed, or sodded, as 
directed in the construction of roads. Some deep cut- 
tings on the Enghsh railways, have been planted with 
flowers, shrubs, and trees; an improvement as delightful 
to the passenger and therefore profitable to the proprietors 
of Ihe road, as it is beneficial to the permarencc of tlie 
slopes. 
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The tops of the embankments, and the bottoms of the 
excavations, are brought to a height called the " Forma- 
tion level," about two feet below the intended level of the 
Tails, and there shaped with a fait from the middle to each 
side, as in common roads, in order to drain otT the water 
which falls upon them. The remaining space of two 




I'eet (more or less, according to circumstances) is fi 
with " ballasting," composed of some porous material, 
such as broken stones, gravel, quarry rubbish, cinders, 
iScc, through which the water of rains can readily pass 
Upon this " ballast" are laid ihe supports of the rails 
Without this precaution, the water absorbed by the earthy 
materials of the road-bed would render it soft and spongy 
in ordinary weather, and by freezing in winter would dis- 
turb the position and the levels of the rails. On many 
American railroads, the neglect of this safeguard against 
ihe effects of our Northern winters, renders tliCm very 
unsafe at high velocities in the early spring, when the 
frost is coming out of the gronnd. Ships' ballast was 
first used for this purpose on the early raikoad at New 
castle, and from this circumstance the subsiifutes have re 
taincd the original name. 



AND VUDPCTB. 



The bridges necessary on railroads, when of slone 
present peculiar difficulties in their construction. This is 
owing to the frequently unavoidable _;?a(ness of the arches^ . 
(a characteristic which it is not easy to unite with suffi 
cient strength, both in reality and in appearance) and M 
the obliquity with which they often cross other roads, and 
which compels the employment of " skew-arches," which 
lequire more than ordinary skill in both the engineer and 
the builder. 

In this country timber bridges are the cheapest, aiu 
therefore almost universally employed, though faulty froB 
their elasticity and consequent vibration. The leading 
plans are Col. Long's truss bridge, which has li.e advan 
tage of using only timbers of amaU acMAVvw^i^w! «*.'«'^^*iik 
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can be safety lakeii out and replaced ; Town's La.Iice 
bridge, which is formed of planks crossing each olhoi 
diagonally, like Jallice work, and is easily construcied, 
but, tliougli slroDg, is deficient in stifl'ness ; and Howe's 
truss bridge, in which an iron rod replaces ihe usual Ter- 
tical posts. 

laoN bridges have been employed in Great Britain 
with great success, and their lise is increasing. Cast 
iron girders, or beams, shaped thus in section, X, are 
the simplest, and are economically used for stretches 
under 50 feet. For larger spans, separate castings are 
boiled together. Spans of 120 feet have been thus cross- 
ed. Wrought iron tie rods have been combined willr 
these, but their advantages are disputed. 

Tubular girders, or hollow, box-like beams, of wrought 
iron have been very successfully introduced. They are 
cheaper and safer than any other plan for spans exceed- 
ing 60 feet. Such a bridge has been construcied over 
openings of 150 feet, the girders being 12 feet high and 
3 feet wide. 

The last stride in progress has been to make such 
sheet iron tubes large enough for railway trains to pass 
through, instead of over them. The Britannia tubular 
bridge, over the Menai straits, has two spans each of 
400 feet, and two of 250, its total length being 1500 feet. 
Its tubes are 30 feet high and 14 wide. Its top and 
bottom are cellular, being composed of two parallel 
sheets, 18 inches apart, and connected by cross plates 
whicJi form a series of square cells or tubes. The ma- 
teria] is boiler iron, from ' to J inch thick, in sheets 
united by two million rivets, and stiffened b}* sixty-five 
miles of angle iron. Heavy trains daily cross it, with 
scarcely perceptible vibration. But its cost, $2,500,000, 
must aiways render H mote a «vife\ecv o( a.4«\\ta>tion 
of imitation. 
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3. THE STIFERSTBUOTUBX!. 

Under this head will be considered ihe best forms an^f 
weights of rails, wliethcr supported at intervals (in chaiot;f 
on stone blocks or wooden cross-sleepers) or on continuotipT 
bearings for Oieir whole length ; and their proper arrange ■ 
inent, inclinaxion, elcTalion, &c., when laid. 



RAILS SUPPORTED AT INTERVALS. 

When rails are supported only at intervals, on props." 
like a bridge on piers, they are liable to be depressed be- 
tween these supports hy the heavy loads which pass over 
them. It is therefore very important to give them such a 
shape as will secure the greatest strength with the least 
quantity of miiterial. The form indicated by theory, and 
originally adopted in practice, is that called " fishbellied," 
from the rounded profile of its under side. A rail of suck 
^^_ Tig. lai. 
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a form, will have more power to resist deflection than a 
straight one of the same weight, in the proportion of 1 1 
to 9.* But whatever the theoretical advantages of ihii' 
form, its inconvenience in practice, owing to its rcquirinj 
a higher support, which is therefore less steady, has caitsei 
it to be generally discarded. 

The forms now used are all varieties of the parallel or 
straight rail, in which the top and bottom are parallel," 

i which has the same cross-section at all parts HC 







il8 length. Usually llie rail ia thinner through ils mid- 
dle than at ils top and base, Tlie various forms are named 
the T raii, the H rail, the hour-glass rail. Sec. from the 
shape of their cross-section. The popular division of 
rails is into the " Plate rail," and the " Edge rail ;" the 
latter inctudiDg all the varieties just mentioned. 

The best form of the paraliul rail was in- Fg-isa - 
yestigaled by Professor Barlow, in behalf of | 
the London and Birmingham Railway Com- 
pany, and Fig. 122 shows the section of the 
rail which he found to possess the greatest 
strength with the least material, the bottom web 
being much smaller than the head. 

But a double headed, or H i^i'. as shown Fig. ISS 
in Fig. 123, with ils lop and hasc of the same 
size and sliape, is now generally preferred in 
England. Professor Barlow considers this 
ri]ape to be inferior in strengtii and conve- 
nience in fixing, ils broader bcuring to be of 
DO advantage, and the proposed plan of turn- 
ing it over, when the upper table is worn down, to be im 
practicable ; but still it is found preferable in practice, as 
enabling the best side to be selected, as being more easil) 
keyed in ils chair, and as having a broader bearing. 

Fig. 124. 

A faTorite form in this country, 

I climes called the inverted T 

rail, is shovra in Fig. 124. It lias 

been employed on the Boston and 
Albany railroad, and many others. 
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i-ORM AND WEIGBT OF RAILS. 



l.The /wrm of ihe rail being decided upon, its weight, on 
hich its strength depends, is next to be determined. 
The weight is expressed by the number of pounds in a 
hncal yard. Its minimum may be determined thus. A 
certain breadth is necessary for the bearing surface of tlie 
rail, that the wheel may mo upon it without being 
grooved. 2J inches seems the minimum for this. The 
lum breadth is desired, in order thai as much as 
of I'l.e material may be put in ihc depth, the 
strength being as the simple breadth, but as the square 
of the depth. The minimum depth, to resist abrasion 
and exfoiialion, is 1| inches. This gives a sectional area 
of 2\ X li inches = 3,75, or, say 4 inches, which corre 
sponds lo 36 lbs. to the yard. This is then ihe minimum 
weight permissible, when the rail is supported throughout 
its whole length; but if supported at intervals it must 
have much greater weight and alrenglli, their degree de- 
pending on the distance between its points of support. 

This distance has varied from 3 lo 6 feet. It is now 
generally made less than 3 feet. For Professor Barlow's 
form of rail. Fig, 122, wilh a strength of 7 tons, the 
weight should be 51 lbs. per yard, for a bearing of 3 feet. 
To attain the same slrenglk with a bearing of 6 feel, the 
weight should be 79 lbs. per yard. But the deflection of 
the rail with 3 tons, which in the former case is only .024 
inch, in the latter is .082 inch. Thus the longer bearings, 
when equally strong with the shorter, are much less stifl", 
and therefore much inferior to them. The effect of any 
depression under a passing load is that the engine, at 
slow speeds, after sinking into il, has an inclined plane to 
ascend, and at high speeds il leaps over the hollow, and 
strikes with great violence upon the other side of it. A 
rail having been bent half an inch, 4nA \.'nanc«s«v':^'«'iS>\ 




paint, Bn engine wiili a train of cars was run over it, 
none of the wliecls touched the paint for a space of 
inches.* Strength to resist deflection is therefore as im- 
portant to a rail aa ils atrenglh to bear weights. The 
latter should be double the mean strain or load. The 
former should not admit of a depression under a passii 
load of more than ^§1 of an inch. 

The weight of rails has been yearly increasing- 
first rails laid on the Liyerpool and Manchester railway 
were only 33 lbs, lo the yard ; they have been succes- 
sively replaced by rails weighing 50, 65, and 75 lbs, to 
the yard. The rail shown in Fig. 123 weighs 75 lbs. to 
ihe yard, with bearings 3 feet 9 inches apart. Its whole 
depth is 5 inches; the top and base are 3| inches : 
the thickness of the middle rib is about J of an inch. 
the Massachusetts railroads the rails weigh from 56 to 
lbs. per yard, and rest on cross- sleepers, 2 feet 6 inch( 
apart ; the weight on a driving wheel being frona 5,000 to 
8,000 lbs. On the New York and Albany Railroad it is 
proposed to adopt rails of 70 Iba. to the yard, supported 
on cross- sleepers 2 feel 7 inches from centre to centre. 
A double track of such rails would require nearly 350 
tons of iron per mile. 

The rails are usually rolled in lengths of from 12 to 
feet. Their ends have received various shapes. Sqtii 
or butt ends, Fig. 125, are generally F'g- i°S. 
preferred, b\it cause considerable i' II t 
shock to the wheel. The haif-lap Fig. ]2fi. 
joints. Figs. 136 and 127, retain ^ ~ '^ ( 
their positions better, but weaken the j^ ^^^ 
rail. The form shown in Fig. 128 is r " ' 
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recom mended when train? run 
on each track in only one di- i 
rection, (as indicated by thear- 
row) so thai they never meet 
the points of the rails.* 
. Between the ends of two successive lengths of rails, a 
space must be left to allow for their expansion by heat. 
The expansion of a fifleen feel rail may be taken al ,^j 
of an inch for each degree of Fahrenheit, or | inch for 
100°. If the rails were Uid in the coldest weather, n 
space of one-eighth of an inch should therefore be left 
between their ends. The force with which iron expands I 
is from 6 to !) tons per square incli of section, which cor-1 
responds to 10 lbs. to the yard; so that the rail of 70^ 
lbs. expands with a force of about fifty tons. 



CBAtRa. 

The rails may be fastened dii-eetly to their supports, 
or have their ends also held by " ehaira," spiked to the 
blocks or cross-sieepers. The chairs are generally of 
cast iron, and weigh from 20 lo 30 lbs. They are cast 
in one piece, consisting of a bottom plate, and two side 
pieces, between which the rail passes, its under surface 
being about an inch above the block. The opening of rhe 
chair must be as wide as the lower pan of the rail, in or- 
der that it may be removed and replaced without disturb- 
ing the chair. Keys of wood, or of iron, must therefore 
be employed to till up this opening, and to hold the rail 
firmly in the chair, but without offering any resistam^e t 
its longitudinal motion in expansion and contraction. 
h On the Liverpool and Manchester Railway li 





Fig. 130. 



ahown in Fig. 129, waa employ- ^«-.^* 

tid The rail has on one aide of 

its bottom a projeciing rib which 

enters a notch in the chair, and 

another notch on the other side i 

receives an iron pin. To prevent its getting loose, ihal 

end of ihe pin which enters fiist rnay be split, and opened 

when driven home. 

Another good form, shown in 
Fig. 130, waa invented by Mr. 
Robert Stephenson, In it the rail 
is confined by two bolls with an- 
gular ends, which enter a small 
score in the rail, and are keyed ' 
home by iron keys with split ends. 

Fig. 1 3 1 represents Mr. Barlow's 
patent hollow iron key applied to 
fasten a double-headed parallel 
rail. 

Wooden keys, of s 
but Bolid, have bee 



lilar shape, 




ich used, owing to the great facili- 
ty which they offer of being tightened and replaced. They 
should be kiln-dried, cut, and compressed by hydraulic 
pressure, so that by their swelling, after being driven in, 
they may hold the rail very tightly. 

The chair used for the F'g. is'- 

inverted T rail (of 65 
lbs.), on the Utici 
Schenectady Railroad, is / 
shown in Fig. 132, to on 
fourth the real size. It 
fli inches wide, &^ loi 



Generally Ihe chaift ait ^AaccA 




SroHE SLOCKS. 

nt the lengths of rails, which arc fastened lo ihe interni&- 
(liate supports by spikes with bent heads. 

When the supports are stone blocks, the chairs are at- 
tached to ihem by drilling holes in the stone, from 1} to 
% inches in diameter, and driving into them plugs of oak 

A recent and valuable improvement is to "fish," or 
splice the ends of the rail, by bolting an iron plate on 
each side of tho rails at the joint, so as to make tliat 
part as strong as the rest, and prevent tho rails front 
fitting OHt of lino or level. 
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Stone blocks imbedded in the ballasting, hare been till 
itely the principal supports employed on the English 
railways. They are usually blocks of granite, or whin 
Eione, two feet square and one fool deep. The custom- 
ary distances between iheir centres have been noticed on 
page 271. They are sometimes placed, as in Fig. 133, 
with their sides parallel to the line of llic road ; and sume- 
ijoaes diagonally, as in Fig. 134. 

Fij. 133. Fig. 134 






Both plans have their advocates. The former position 
offers mora resistance lo motion in the line of the road, 
The latter is less stable, but is more convenient for pack- 
Jog the ballast around. Circular blocks have been pi 
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RAlh-HOADB. 

posed in order to get equal resistance in all directions, but 
the guin would not e:|ual the extra expense. 

The blocks must be very carefully set precisely leve!, 
jince even a quarter inch difference in 3 feet, would 
create an inclined plane of 1 in 144, or 37 feel to the mile. 

On curves the blocks on each side of the road must be 
cojinecied by iron lie-rods, that the exterior ones may not 
be pressed outward by the centrifugal force of the cars. 

Stone blocks have been also laid transversely, with the 
hdvaniage of preserving the gauge of the road, but with 
the evils of great rigidity, hanJneas, and joking. 



Transverse or cross-sleepers of wood are now 
ered preferable to stone blocks for many reasons. Tbey 
tie the rails togeilier and preserve their parallelism, and 
also make the road less rigid and more elastic than the 
stone, and therefore much more smoolh and pleasant to 
travellers. Thus the blacksmith puis his anvil on a block 
of wood to lessen the concussion. The only objection to 
them is iheir liability to decay, against which, howcvei, 
there are many preservatives. 

They are usually of chesnut, oak, pitch-pine, or red 
cedar. They may be round slicks, hewn on two sides, 
so as to leave at least six inches thickness, and more if 
possible. The longer ihey are the better, as the extra 
length on each side of the track lessens the danger of set- 
tling. On the Massachusetts roads they are of second 
growth chesnut, 7 feet long, and 8 inches by 12. They 
are simply laid on the ballasting, except on new embank- 
ments and soft ground in whicii cases they are laid -on 
longitudinal timbers oi sub-sills, which may be- of plank 
8 inches wide and 3 or 4 thick. 



CDNTIW. nva SUPPORTS. 

"Hcrron's Rai.road track" is a horizonlal latiic 
of timbers of small scantling, upon the intersections t 
which the rails rest. 

CONTINUOUS SUPPORTS. 

When rails are supported at intervals, the leas the iai 
lerrals and the nearer the supports, the less will be tl 
yielding and deflection of the rails. Carrying out this 
principle, and continually lessening the intervals, we at 
last arrive at continuous supports. The advantages of 
such solid bearings for the rails would seem to admit 
no dispute. It is evident that an iron bar, laid on a serii 
of points, will be much more easily bent, either lateral 
or vertically, by the heavy blows or jolts of a carriage, 
than when the same bar is made lo form a pari of the 
solid roadway. The system of continuous supports of 
longitudinal timbers is therefore superior to any other in 
strength, sohdity, and case of motion. It has been of late 
increasing in popularity in England, in spite of the cost 
of timber in that country, wliila with us it has been aban- 
doned on our best roads for the system of supports at 
intervals. This has probably arisen from the circum- 
stance that most American roads with longitudinal timbers 
have been laid with plate rails, so thin that their ends 
sometimes spring up so as to form '* anake-heads," and 
have thus received the scarcely caricatured description of 
" A hoop lacked to a lath." Such roads have the defects 
of instability, insecurity, inequality of surface, waste of 
power, resistance to speed, and great expense of main- 
tenance. But ihese faults do not belong lo the system it- 
self, but to its imperfect execution. The rails should be 
heavy edge rails, of suitable form, and in contact with the 
lunbers for their whole length ; ai\d iKe lonovtaii 
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■hould be tied together by cross-sleepen. The belt rail 
road in the world, the " Great Western," bae such ci» 
linuous bearings. The wood may be preseired iron 
decay by any of the methods noticed on page 334. 

kLl. 

} VMW, and C the end view, of such a system of railroad. 

For these longitudinal Fig. 13S, 

bezrrngs, chairs are un- 
necessary, and peculiarly 
shaped rails are preferable. 
A favorite form is that 
shown in Fig. 136, which 
has been made to weigh 
from 35 to601ba,peryard. •- ,, . - . -> 

It is fastened by screws, 4 inches long, the lieads of which 
are countersunk on the inner side, so as to be out of ihfe 
way of the flange of the wheel. At the joints, four screfra 
arc employed. 

Sometimes the rails are fastened by spikes with bent 
heads, driven just outside of them, and clasping t&ent 
firmly. 

The greater difficuUy rf pa,<^V.\i\g, \.^ft ^lu.'ieX nxoutul 
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CONTIXUOPS SUPPORT. 

such Ir-Dgitudinal sleepers, and of removing and replaciag 
tfiem, is t))e chief cause of the general prefereuce of croB| 
ties, or traDsverse sleepers. 

Triangular sleepers have ^^S- ^37. 

been employed, witii a rail 
forked at bottom, as in the 
figure. The rail can ihus 
be very firmly attached to 
the sleeper, Uie shape of 
which gives it much sla- 
biiily. 

Evans' method of fastening is warmly recommended by 
Professor Vignoles. The rails are rolled with a slil, or 
groove, of a dove-taiied shape, (in its cross-section) run- 
ning on liieir under side for their whole length. The bolls 
have heads of corresponding shape, and are shpped into 
the end of the groove, passed along it, and dropped through 
holes made at proper intervals in the longitudinal timbers. 
The lower ends of the bolls are cut into screws, and 
washers and nuts draw the rails close down to the tim- 
bers. They are easily tightened, and not exposed to ii: 
jury, while spikes and screws get loose, and their heads 
are in the way. 

Upon the Great Western Uailroad, between Bristol and 
London, (on which Mr. I. K. Brunei first introduced into 
England the sysleia of longiludinal bearings) the hollow 
rail, shown in Fig. 138, was Fig. US. 

adopted. The original rails 
weighed only 44 lbs. to the 
yard, and were 1| inch high, 
the head of the inner screw 
being countersunk. The later ones weigh 70 lbs. to the 
yard, and are 2} inEbes high ; the increase of height be- 



ing intended to compensate for not countersinking be not 
of the inner screw. The longitudinal timbers an 15 by 
II inches, and the cross-ties boiled to them at intervjs of 
9 or 10 feet, are 5 by 9 inches. With sucb rails, and the 
broad gauge, this railroad combines speed and ease of 
motion in the higiiesi degree yet attained. 

INCLINATJON OF THE JtAILS. 

The wheels having a conical shape, they would touch 
a level rail only on a narrow line, and both would soon be 
worn into grooves. To prevent this, the rails are some- 
times inclined inward, bo as to meet the cone of the wheel 
more directly, and to present a broader bearing surface. 
The usnal inclination is from 1 in 29 lo 1 in 20. It may 
be given by sloping the blocks, or by cutting the sleepers 
which support the rails, or may be formed in the original 
rolling of tlie rail. An objeciion to ihia breadth of con- 
tact is lliat a rubbing and grinding action is constantly 
caused by llie unequal velocities with which the ouler and 
inner parts of the coned wheels revolve, and produces the 
same eifect as if the train was dragged a certain dis- 
tance with its wheels locked. 

^H ELEVATION OF OUTEA RAIL. 

^^"When a railroad car enters upon a curve, the centrlfu- 
'gal force tends to force the flanges of its wheels against 
the outer rail. To resist this tendency, the outer rail is 
made higher than the inner one, so that an inclined plane 
may be formed beneath the cars, down which they will 
tend to slide in an inward direction, in oppos'lion to iheir 
centrifugal impulse. The inclination should be such that 
.the two antagonist forces may just balance each otlier. It 
- will vary with the radius of the curve, the velocity upon 



ELEVATION OF ODTEK RAIl,. 



it, tlie gauge of the road, and ihe " cone" of the whci 
"Wiih these elements it may be readily calculated.* 
results (with ihe usual data) are given in the followin| 
lable : 



hadius of the 


ELEVATION OP THE OUTEB RAIL. 


Al 10 miles per huui 


Ali»idlle.peihdur 


AiagiDiicpcrbou 


FceL 

250 
500 
1000 
2000 
3000 
4000 
5000 


1.14 
0,57 
0.39 
0.15 

0.10 
0.07 
0.06 


5.60 
3.83 
1.43 
0.71 
0.47 
0.36 
0.28 


12.99 
6.56 
3.30 
1.65 
1.10 
0.83 
0.66 



An approximate rule for finding the elevation is this: 
" Multiply llie square of the velocity, in feet per second, 
by ihe gauge of the railroad in inches ; and divide the 
product by the accelerating force of gravity, multiplied 
by the radius of curvature in feel, and the quotient wi^J 
be the elevation in inches." 

For a velocity of 30 miles per hour on a curve of 1000 1 



feet, this rule gives 



44' x_564 
; 1000 ■ 



■ 3.4 inches. 



Hie old practice made the greatest elevation 1 inc!>i 
which is that due to a velocity of 30 miles per hour on a I 
curve of two thirds of a mile radius. When the cars 
faster than the velocity assumed in the calculation, which J 
has determined the elevation, their flanges piess the outer | 
when slower, they press the inner one, 

BrOINDS, CROSSINGS, ETC. 

railroads which have only a single track, a second i 
one, called a siding, is occasionally laid for a short dis I 

• But Phmbour. pp. 377-290 ; and Ucount, pp. 135-140. 
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RAIL-ROADU. 

taoce, to form a passing-place for meeling trains. CroM 
ingi are the arrangements by which cars pass from ww 
tracli to the other. The angle of iheir divergence should 
not exceed Ij" or 2° for speeds of 20 or 30 miles per 
hour, but when the speed, as in mines, is not more than 
8 miles per hour, the angle may be as many degrees.* 
Tliey are always dangerous, and therefore the fewer of 
tliem that are employed tlie belter. The misplacing of 
them, carelessly or malevolently, causes a large portion 
of the accidents on railways. Their simplest form is that 
of two " points" or " switches," which are attached at one 
end to the main track, and are moveable at the other, so 
Bs to continue the principal line, or to connect it at pleas- 
Fig. 139. 




ure with the side-track. The switches are usually moved 
by hand, with dther a lever or an eccenlnc. A signal 
plate at the top of the lever, with which it moves, by ita 
position shows to the engine-driver, as he approaches, to 
which track it is prepared to turn the train. Self-acting 
switches, kept in place by powerful spiral springs, and 
moved by the flanges of i!ie engine wheels, have been 
tried; but the system of manual operation is preferred, 
with all its uncertainties, owing to the self-acting arrange- 
ment rendering it impossible for the conductor to know 



whether the switches are in place or not until he is upon 




TURN-TABLES, ETC. 311 

them, when any precaution which might be required 
would be too late.* 

Tunp-tables, or Tui*n-plates, are platforms, turning on 
rollers upon an underground circular railroad, and forming 
a very convenient substitute for switches, in transferring 
carriages from one set of rails to another. 

A Hydraulic Traversing Frame has been used instead 
of Turn-tables. It consists of a wrought-iron frame, un- 
der each comer of which is a cast-iron hydrauhc press, 
operated by force pumps. The frame is pushed under 
the carriage to be moved, the pumps are worked, and 
raise the flanges clear of the rails. The carriage is then 
moved to the desired spot and there let down.t 

SINGLE RAIL RAILROAD. 

In this arrangement a single rail is supported on posts 
at a suitable height above the ground, and passes through 
the middle of the cars, which hang from it on each side, 
like two saddle-bags on a horse. The advantages of thus 
lowering the centre of gravity are considerable ; the cars 
can never leave the track ; and the expenses of construe 
tion are much reduced. In some situations this system 
might be very conveniently employed. 



* Ritchie, p. 115. 

t Crmy, Encyclopedia of Civil Engineering, p. 198S. 
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IV. MOTIVE POWEKS, 

ncipal powers which h'ave been employed to 
move carriages on railroads are Horses, Slalionaiy En- 
,^gines, Locomotives, and Atmospheric Pressure. 



]. BOBSB FOVTES. 



The power of a horse in niovirg heavy loads at a slow 
rate, has been given on page 67 ; the usual conventional 
assumption being 150 lbs. moved at the rate of 2^ miles 
per hour for 8 hours a day. At greater speeds his power 
very rapidly diminishes, a large portion of it being ex- 
pended in moving his own weight. The following table 
sliows the results obtained by different authors ; those of 
Tredgold being for 6 hours daily labor, and those of Wood 
for 10 hours. 
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From the above table it appears that, according to Wood, 
at 4 miles per hour a horse can draw only half his load 
Bt S miles ; at 6 miles only a quarter ; and so on. 

At 10 miles per hour Tredgold considers the power of 
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s horse to be 37 lbs. moved 10 miles per day. At ihe 
same velocily Sir John Macneill estimates it at 60 lbs,, 
moved 8 miles per day. 

The power of a horse is also very rapidly diminished 
upon an ascent. On a slope of I in 7 (8{°) he can carry « 
up only bis own weight, without any load. 

It is consequently very desirable to find a motive powef 
on railroads, so much of whic!) would not be uselessly ' 
lost at the high speeds which their diniitiulion of friction 
renders possible. Steam has been therefore erDployed, 
through the medium of Stationary Engines, and of Loco 
motives. 

2. BTATIOITABT EnOINE& 

Stationary steam engines were once the rivals of loco- 
motives, aa motive powers for railroads, and were recom- 
mended by two distinguished engineers, less than twenty 
years ago, for adoption on the Liverpool and Manchester 
railway. It was proposed to place fixed engines along the 
line, at slalions l^ miles apart. These engines were to 
turn large drums, or cylinders, arouod which were wound 
ropes, 4 or 5 inches in diameter, slrelchcd along the road 
between the rails, and supported on rollers. The wagons 
were to be hooked to the ropes, and would be drawn on- 
wards with them, as ibey were wound up on the revolving 
cylinders. An endless rope might also be employed, and 
two trains of cars be drawn at the same time in opposite 
Fig. 14a 



directions, as indicated by the arrows in the figure. When 
the care had passed over the mile and a half, and reached 



RAIL-ROADS. 



ihe end of one rope, ihey could be detached from it, and 
attaclied to the succeeding one, without any stoppage. 

The system has some advantages for short Hnes over 
which llie travel must pass at brief intervals, owing to the 
economy of working stationary engines ; but it is utterly 
unsuited for genera! u^e. Us radical defect is, that the 
disarrangement of any single length of it, by any acci- 
dent, must stop tlic travel on the whole line. It is a chain, 
the failure of any link of which will render the whole use- 
less. It is therefore now seldom employed) except on 
inclined planes. 

A very convenient application of the system is, how 
ever, seen on the London and Blackwall railway, 3^ miles 
long, with a fixed engine at each end. In this short dis- 
tance there are five intermediate stations ; but no deten- 
tion is caused by them, for a car is -appropriated to each, 
in proper order — the last of the train being the one be 
longing lo the first station, and so on. On reaching it, the 
sort of pincers by which the car is attached to the rope, is 
opened, and the car there steps, while the others of the 
train move on. 

A railrgad worked by a stationary engine, would be the 
most convenient method of relieving the rush of travel 
through Broadway. The railroad track should be sup- 
ported on iron columns, out of the way of carriages, as in 
the iigure. These columns might be placed on the edges 
of the sidewalks, where now are ihe lamp and awning 
posts, and by cxiending over the gutter they would have a 
base of 3 feet.* Their lower extremities should be set 

■ This airangemeDl of the coliimne was suggealod hy Charira Elletl, 

i„ C. E., ill IBM, for aa " Atmospheric RQiiroad." In 1834, Mr. J. H. 

jfopowd to uae B secondary Btrwl, end lo connect tho colupine by 

Kl, forming a flooring on which liones ahaold travel. 
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Fig, 141 




in heavy masses of masonry, 
outward, a foot on each side, 
width for the railroad track, 
at distances of 15 or 20 feel, 



At top they should spread 
vhich would give sufficient 
The columns should be set 
id connected by f5at arches. 



There would be no flooring over the street, and the rails 
would intercept no more light than (Jo the boards which 
now connect the awning posts. No locomotives, or even 
horses, would pass over ihe road ; but an endless rope 
■would continually nin over pulleys, and light cars would 
be under the most perfect control, and could be attached 
to it, or disengaged, at will, and stopped more easily ihan 
an ordinary omnibus. At the upper end of Broadway, a 
stationary engine, or the water-power of the Croton, would 
easily and cheaply keep up (he circulalion, which would 
pass up one side of the strecl and down the other. At 
each corner might be a platform, to which there would be 
a short flight of steps from the sidewalk, the ascent of 
which would be very easy ; or a certain number of corner 
houses might be used as depots, so that passengers might 
Ktep into the cars from their second-story windows. At 
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these cars woald replace the omnibuse 
would be left for miscellaneous travel. 

A railroad on tlie surface of the ground, with its con- 
timial stream of cars slopping up the cross-slrcels every 
minate, would create a worse evil than that which It was 
intended to remedy ; and the endless rope could not be 
applied to it. If a railroad were made through a sec- 
ondary street, passengers would not generally leave Broad- 
way to avail themselves of it. A surface railroad being 
thus out of the question, two alternatives remain. The 
underground one will find few advocates ; and the only 
feasible arrangement seems to be the column and endless 
rope system. With its cheap construction, economical 
working, and thronged travel, it could scarcely fail to be 
the most profitable railroad ever built, and might be made 
to add largely to the cily revenue. 

3. LOOOMOTITE EUaiHSS. 

When a steam engine is required to move from its 
place, and to travel with its 1 ai a d 1 ses of tlesh and 
blood, its usual weighty app nd g f Id-water cistern. 
Walking-beam, fly-wheel, &. n u b dispensed with. 
High-pressure steam must 1 f e b n ployed in order 
to enable the engine to con b n h n sary compact- 
ness, lightness, and powei 



The first locomotive engine was constructed in 1 802. 
by Richard Trevithick, who look out a patent in conjunc 
lion with Andrew Vivian.* Bolli were Cornwall engi • 

■ Id 1T59, however, Dr. TtobisoQ, then a student in tbo Uniremit; of 
V, saggetLed to Wil ' Qio -^^""-''■"- '■' '^- ■».-—. — .^^- ... -rntiim 
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neers. This engine was tried on conamon roads, t 
1804, Trevilhick applied a second one to a Iram-rt 
South Wales, on which it drew ten ions of iron at ihtf) 
rate of 5 miles an hour. 

Many years elapsed before any considerable improve- 
ments were made, owing in a great degree to useless 
efforts to overcome a difEcully which never had any real 
exiEleoce. When steam is applied to propel a wheel 
carriage, each piston-rod, [o wliich the steatn gives a back- 
ward and forward motion, is allacbed to '. pin on one of 
the wheels, called the driving-wheel, and turns it by a 
crank, as a man turns a grindstone. If there was no 
friction between the wheel and ihe road, the wheel would 
turn around, while the carriage would remain stationary 
But the friction, which docs exist, prevents the wheel 
from slipping, and it is enabled to turn only by propelling 
the carriage forward over a distance equal to the circum- 
ference of the wheel for each complete revolution of it. 
The imaginary difficulty referred lo, was the notion that 
ihe adhesion or " bile" between the wheel and the rail, 
was so shght that with a load, and particularly on an as- 
cent, the wheels would shp, shdo, or " skid," cilber com- 
pletely or partially, and thus fail to propel the engine. 

Great ingenuity was expended in devising remedies for 
this non-exislent evil. Wheels were at first made with 
knobs and claws to take hold of the ground j in ISll a 
toothed rack was laid along the road, and a wheel with 
iGClh was attached to the engine and fitted into the rack ; 

nheel cairingus. In t7B3, Murdoch, to whom Trevilhick tru a pupil, 
tuadeamodeloradeam-csmags; and in 1TB4 Watt deKribod aucb au 
applicalioninhispHtept. la 1601, Oliver Eiaiwin Fliiladelphiamovad a 
oieaiD-dredeing maohino a mile anil a halt on ntteeb turned bj iu own 




and in 1812 a chain was stretciicd between ihe ezlreme 
ends of the road, and passed around a grooved wheel fixed 
to Uie engine and turned by il. But the most singulai 
and ingenious conlriviince was patented in 1813 by Mr. 
William Brunton. Ho attached to the back of hia engine 
two legs, or propellers, which, being alternately moved by 
llie engine, pushed it before them. The propellers imita- 
led the legs of a man, or the fore legs of a horse, as shown 
In llie figure. - 

Fig. 142. 




The legs are indicated by HKF, and llkf. H repre- 
sents the Hip-joint, K and k the Knee-joints, A and a the 
Ankle-joints, and F and /the Feel. 

We will first examine the action of the front leg. The 
knee, K, is attached lo the end of the piston-rod, which 
the Bteam drives backward and forward in the horizonla) 
cylinder C. When the piston is driven outward, it 
presses the leg, KF, against the ground, «nd thus propels 
llni engine for\vard as a man shoves a boat ahead by 
pressing with a pole against the bottom of a river. As 
I'je engine advances, the \e£ aVta.\^'i\\,e,Rs, \ha ^oint H. ;« 
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arried forward And llie extreniily, M, of the bcot level 
H.M, is raised. A cord, MS, being attached to S, i 
sliiii of ihe leg, the motion of ihe lever liglitena the cord, 
and iinally raises the foot from the ground sod prepares it 
to take a fresh step when the reversed action of the p 
has lowered it again. 

The action of the other leg is precisely similar 
motion is communicated to it from the lirst one. 
nbove the knee of the front leg, at N, is attached a rod. 
on which is a toothed rack, R. Working in it is a cog- 
wheel, which eiitera also a second rack, r, below il, 
which is connected by a second rod, with a point, n, of the 
other leg. When the piston is driven oat and pushes the 
engine from the knee, the rack, R, is drawn backwards 
and turns the cog-wheel, which then draws the lower rack, 
r, forwards, and operates on the hind leg, precisely as 
the piston-rod does on the front one, and thus the two legtj 
lake ahernate steps, and walk on with the engine. 

This locomotive, or " mechanical traveller," as il wa| 
termed by its inventor, moved on a railway at the r 
of 2^ miles per hour, with the tractive force of M 
horses. 

All these contrivances were, however, rendered uaelesa 
by the discovery in 1814, by actual eaperiment, that the 
adhesion, or friction, of the wheels was amply sufficient 
for propelling the engine, even with a heavy load attached 
to il, ind uo a considerable ascent. Even if the adhesion 
were less man it is, il could be increased lo an almost un- 
hmited extent, by inducing a galvanic action between ll 
(ingine and the rails." 

The first really successful locomotive was conslructe 
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by Mr George Stephenson in 1814. By applying the 
" Bteam blasl," lie doubled its power and enabled it to run 
6 mtles xr hour, and to draw 30 tons. 

Still no great progress was mode in l.be application of 
steam to locomotion, until, in 1629, the directors of the 
Liverpool and Manthester railway resolved to employ 
locomotives in preference to stationary engines, and offered 
a premium for llic best engine, not lieavior tlian six tons, 
which should be able to draw twenty tons at llie rate of 
ten miles per hour, and should fulfil certain other condi- 
tions. Four engines appeared, but the " Rocket" engine, 
made by Mr. Robert Stephenson, won the prize, having 
run at an average speed of 15 miles per hour, and hav- 
ing performed one mile at the rale of 29J miles per 
hour. 

Since ibat time the progress of improvement has been 
onward, and one engine has travelled 75 miles per hour ; 
another,* weighing 15J tons, has drawn 126S tons 
{in a train of 158 coal-cars, 2020 feet long) 84 miles in 8 
hours, over a hne of which 40 miles were level, and wliich 
had curves of only 700 feet radius ; and a third," weigh- 
ing only 8 tons, has drawn 309 tons on a level, and 16 
tons up an inchned plane which rose 3G9 feet to the mile. 
The Rocket, however, contained the germs of all the prin- 
ciples which have been so wonderfully developed in.iti 
»Biiccc8sors, and which will now be brieily noticed. 

■ Hade bjr Wi'i'ara Norria: PfaiJadBl[MB. 



The power of an engine is proportional to the quanliii 
of steam which it can generate in a given time ; for each' 
revolution of the wheels corresponds to a double stroke 
of each piston, and consequently to four cylinder-fulls of 
steam. It is therefore necessary to expose the largest 
possible surface of water to the action of heal. This 
is most cfFeclually nllained by a tubular boiler, patented 
by Mr. Seguin in 1828, but perfected by Mr. Stephenson 
in 1829. Through the boiler, which occupies the principal 
mass of the engine, run a great number of small brass 
tubes, and through them the flame and heated air pass 
from the fire-box to the chimney. The tubes are about] 
6 feet long, 3 inches in diameter, and from 90 to 120 ini 
number. They have been made 300 in number, and 1}-' 
inches in di;imeler.* By this contrivance, and by 
rounding the fire-box with a double casing, containing 
water, all the heat ia absorbed by the water before it 
reaches the chimney. 

The introduction of such tubes tripled the evaporating 
power of the engine, and caused a saving of 40 per cent 
of the fuel. But the abstracliou of all the heat from the 
air, destroyed the drrtught of the chimney, and therefore 
the activity of the fire. This evil seemed insurmountable, 
m spite of the use of fanners, till George Stephenson 
used the waste steam, which passed from the cyhnder 
after working the engine, to create an artificial draught, 
by discharging it into the chimney. This steam blast 
has been termed the life-blood of the locomotive machine. 

To economize heat siiU farther, the cylinders are some- 

■ The liiUea boiug very periahttble, Ihs Earl of Dundooald and othar* 
have proposed to cocslruct boilc-™ wilh 1Kb walti in the tubal to » hnted, 
butcad of the Gre in the tiibpiL 
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times placed within the smoke-box, or bottom of the 
chimney, so that none of their steam is condensed by tb€ 
cold atmosphere. In this position, besides being nearei 
the centre of resistance, they act with a less injurious 
strain; although, two pistons being necessary to pass the 
*' dead-points'' of the crank, their action is unavoidably 
unequal on each side in turn. But this arrangement gives 
less room for the machinery, and renders necessary a 
double-cranked axle, which is consequently much weak 
ened, though cut from a solid mass of iron. Both 
the outside and inside arrangements have their advocates. 

Six wheels are generally employed, the two largest 
being the driving-wheels to which the power is applied. 
These arctfrom 5 to 7 feet in diameter, the others being 
from 3 to 4. Sometimes all arc made of the same size. 
Eight wheels are also used, four large and four small, the 
latter being under a truck, which supports one end of the 
engine, and is attached to it by a pivot in its centre, 
around which it can readily turn when on a curve. 
The springs are so adjusted that the principal part of the 
weight of the engine is thrown upon the driving-wheels. 
Sometimes two pairs of wheels are coupled together to 
obtain greater adhesion in ascending inclined planes, but 
this arrangement produces an unequal strain. 

The eccentrics which open and shut the slide-valves to 
admit the steam to each end of the cylinders in turn, are 
so adjusted as to shut off the steam from one end of the 
cylinder and admit it to the othe* a little while before the 
piston has finished its stroke, so as to permit the expan 
sive action of steam, and to form a sort of steam spring, 
to deaden the jerks of the engine. The degree of open- 
mg of the valve in advance is termed the " lead," anc* 
is usually from one-eighth to one-fourth of an inch. 




rThe above figure is a longitudinal section through a 
idern locomotive engine, in one of its very vaiied forms. 
^ represenls the fire-box ; from which tlie flames and 
ntated air pass, through the tubes b b, into tiie smoke-box 
at the other end df the engine. The water of the boiler, 
(which is cased with wood to prevent loss of heat by ra- 
diation) surrounds the fire-boi and tlie tubes, and the 
steam generated by the heat thus absorbed, is collected in 
liie steam chamber c. Thence it passes, through d, to the 
cylinder e, and being admitted, by the shde-valve, alter- 
nately before and behind the piston, it gives to it the re- 
ciprocating motion, wliich the crank on the axle of the 
driving-wheel converts into the revolution which propels 
the engine. The blast-pipe,/, conveys ihe waste sieara 
from the cylinders into the chimney, lo increase its 
draught, g g are safety-valves, one of v/hich should be 
locked up, BO as to be out of the control of the engine- 
driver, h is one of ihe feed-pipes which conduct IJ 
water from the tender to Li c boiler, into which it 
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pumped by BDiall force-pumps, which are 
engine, and the de range ment of which has 
rious accidents. 



The speed of an engine depends on the rapidity with 
which its boiler can generate steam. One cylinder full 
of steam is required for each stroke of each of the pis- 
tons. Each double stroke corresponds to one revolmion 
of the driving-wheels, and to the propulsion of the engine 
through a space equal to their circumference. Wheels 
seven feet in diameter pass over twenty-two feet in each 
complete revolulion. To produce a speed of seventy-five 
miles per hour, they must revolve exactly five times in a 
second ; and to effect this number of revolutions each 
piston must make double that numbei 
same time. In this way does this ponderous machi 
divide time into tenths of seconds, almost as precisely 
the delicate chronometer of the astronomer. 

This rapid reciprocating molion of the pistons is very 
destructive to the machinery, and is too great to allain the 
maximum effect of the power expended. It would there- 
fore be very desirable to lessen this rapidity, and to pro- 
vide some means- of multiplying ihe motion of the pistons, 
as by chama on pulleys, &c. 

High velocities are also very expensive, in consequence 
of the rapidity with which the steam must be generated, 
and rammed, as it were, into the cylinders. The same 
effect might be produced by one quarter of the quant 
of steam, if time were given it to act expansively. 

The power of an engine in drawing loads, depends 
the pressure of the steam, which is usually befween 
«nd 120 lbs. to the square iiicli It is also limited 
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the adhesion between ihe road and the driving- wheola, 
which is proportional to the weiglit pressing upon the 
latter ; so that instead of the weight of t!ie engine being 
an obstacle, it is one of the principal elements of power. 
The average adhesion may be considered to be ^th the 
weight. The tractive jiowcr of an engine of 20 gross 
tons weight, with 16 Ions resting on the driving-wheels, 
would, on this assumption, be 16 x 2240 ~ 8 = 4480 lbs. 
If the friction be 10 lbs. to the ton, its gross load, exclu- 
sive of its own weight, would be 4480 -M0 = 448 ions. 
If the ratio of the weight of the freight to the joint weight ^^ 
of the car and freight be as 6 to 1 0, the quantity of freigiil ^^^^| 
which such an engine could convey on a level would be ^^H 
^ X (448 — 10) = 263 tons; the weight of the tender^^^^^ 
10 ions, being deducted from the gross load. ^^^H 
The diminution of this power on inclinations has beea^^^^| 
noticed on page 276, but is more fully shown in the fulp^^^H 
lowing Table, which is calculated for an engine of 20 [ons.^^^f 
all resting on the driving-wheels, and for a friction of Si^^^H 
^^1m. to the ^^^H 
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,Tbe friction of 8^ lbs. to ihe ton, wilh which the pre- 
ing table was calculated, was found (p. 3G5) lo be too 
small. The following [able has been calculated by takiog 
ihe friction at 10 lbs. per ton, (the average amount for a 
slow freight speed,) the other data remaining unchanged. 
The principles of the calculation are found on pages 325 
and 27G--7. The adhesion is taken at one-eighlh of the 
weight resting on the driving wheels.' 
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The above table shows that, with its data, on an ascent 
of 20 feet per mile, two engines will be required to irans- 
port the load which one could draw on a level ; that three 
engines would be required on an ascent of 40 feet per 
mile, and so on. 

A com]>ari»on of the two UiUea itlgo shews that by ■ssnming 
a, small amount of friction, aacents me made lo appear much more 
objeciionable, relatively, tlisn if a. larger amount of friction had 
been employed. Thus, on an ascent of 00 feel per mile, accord- 
ing lo the former lable, (calculated with the insofficient, ihongh 
commonly tSBUmed friction of 8| lbs. to the Ion,) foar engines 
are required to do the work of one npon a level ; but the latier and 
more correct table shows that oidy three and a half arc needed. 
For higher speeds, and consequently greater rosiatancea, the same 
ascents would be found to be relatively much less injurioU8,a9 faaa 
been shown, on page 34, wilh reference to common roada. 

■Tlie^oBtestadhesiunof irunopoo iron is about une-sixtli of the insist- 
■nt weight; but inwot and fruozing weatlicr becomca nllnoatnothinf It 
loneoairith tbo increase of the alope nF the rooJ. nearly ua lliu »nc of Uie nil- 
jls of incIiiMlioa. It viiuld evidently 'v^uoUuo^UtUo mad vcn- t< 




t All the expenses of working llie road for any given lii 

3 usually added together, and divided by the lotal num. 
ber of miles run in ihat lime by engines drawing trains. 
In this way is obtained the common average of working 
expenses, which are thus measured by the cost of running 
trains per mile. But this principle of comparison is evi- 
dently faulty, since a Irain may be -run for a very small 
cost per mile, but carry few passengers and little freight ; 
and thus its expenses, thougli small absolutely, may be 
ruinously great relatively. On the other hand, a heavy 
train may cost much more per mile, but carry so great an 
amount of freight or passengers, as to be run very cl 
ly, relatively to them. Fifty tons, carried for 75 cents 
per mile, would cost 1^ cents per ton, while a hundi 
tons carried for even 81 per mile, would coat but 1 
per ton. 

The cost of transport per mile for each passenger or ton 
of freight carried, is therefore a preferable standard, with 
certain restrictions, as affording a means of direct com- 
parison between the expenses and tlie receipts, which are 
the final objects of all the operations. But this, again, does 
not of itself show the comparative economy of the working 
of different roads, for a road may be worked very cheaplj 
per mile run, but, having little business, at a great cost per 
passenger or per ton, since a large part of the expenses 
are the same for one passenger or for a hundred. The con 
verse of this lakes place on a heavy road, worked expen- 
sively per mile, but cheaply per passenger or ton of freigii 
Both these met!iods of comparison ought, therefore, 
be employed in conjunction. 
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The complete average expense per train per mile of run- 

ning eleven New York railroads during 1850, was 67 

scnts for passenger trains, (ranging from 34 to 94 cents,) 

Uid 87 cents for freight trains, (ranging from 37 to 159 

BCenis ;) including in this the expenses of maintaining the 

rad, of repairing machinery, and of operating the road. 

Upon the same roads, the average cost per passenger 

Mr mile was ItVi cents ; the lowest being yV?i ^^^ '1'^ 

■faighost 2i*^\. The average cost of freight per ton wa.H 

BtjVf cents ; the lowest being IrWi ^^^ ^^^ highest 4/$; 

Upon five leading M*saACHirsETTa Railroads, the aver- 
age expenses, for Passenger trains, per mile run, was 74 
cents, (from 63 to 93 cents,) and per passenger per tnila 
1 cent, (fiom ^'I'l, to ItVo-) 

Upon the same five roads, the Freight expenses, pet 
mile run, averaged 89 cents, (from 81 to 96 cents,) | 
per ton per milo li*ifj cents, (from -^ to l-^g.) 

The expenses on the Utica and Schenectady roadJ 
classified thus :* 
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pEJpon the Eastern Railroad (Boston to Portsmouih, 5i 
krilesj the expenses were tlius classified for the year end- 
ing June 30, 1850: 1,037,000 passengers, and 71,000 
tons of freight having been carried :* 

^^^T\'ith careful manageirent in every deparlmenl, trains 
carrying arerage loads of from 100 to 150 tons can be 
moved, on ordinary grades, at a cost of 80 cents per mile. 
Such economy of transport depends mainly, however, 
upon the certainty of always carrying full loads. For this 
reason the Baltimore and Ohio Railroad carried coal, by 
contract, for 1 j cents per ton, while their ordinary traffic, 
givingthe engines only half a load, cost ihem over Sj cents. 
The Reading Railroad is said to be able lo carry coal for 
6 mills per ton per mile, because fully loaded on the down , 
trips. 

The present cost of transport on the Erie Canal is In^.a 
cents per Ion per mile, of which the State receives ^ cent, ' 
or nearly one-half. On the Enlarged Canal, the cost is 
estimated at 7 mills, 3 of these being tolls. f 
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The comparative safely of railroads is one of llw"' 
most valuable attributes, though the one least appreciated 
and moat imperfectly realized. The popular impression 
is generally the reverse of the truth, for an accident to a 
stage-coacli is seldom heard of beyond the immediaie 
scene of its occurrence, while any railroad disaster is 
passed from paper to paper over the whole land. 

There are many reasons why travelling on railroB 
should be safer than on common roads. The former 6 
level instead of hilly, and smooth instead of uneven ; i 
all miscellaneous travel is excluded. 

The cars are safer than coaches, because their cent^ 
of gravity are lower ; their axles are less exposed lo ¥ 
lent shocks, and therefore are less subject to break ; i 
;ey are altogether less exposed to be overturned. 

Locomotive engines arc safer than horses, because they 
not liable to take fright, shy, or run away ; and can 
stopped at once by a brake, lamed down by opening* 

Ivc, and backed by simply moving a lever. 

The statistics of railroads fully confirm the conclusifli 
of theory. On the English railroads, accordin 
parliamentary returns, between 1840 and 1845, bolfa in 
elusive, more than 120,000,000 of passengers were car 
ried, and of these only 66 were killed, or one in now 
two millions ; and only 324 others were in any way i 
jured, or one in nearly four hundred thousand. 

On the Belgian railroads, 6,609,215 pereons Iravellet 
between 1835 and 1839, and of these 15 were killed and 
16 wounded. But of these, 26 were persons employed 
on the railroads, and only 3 passengers were killed and 4 
wounded. In 1843, of 2,716,755 passengers, only t] 
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were killed, and of these one was a suicide, and the other| 
two met their deaths by crossing the hne. 

On French railroads, 212 miles in length, of 1,889,718 
passengers who travelled over 316,945 milea, in the first 
half of 1843, not one was either killed or wounded, and ^ 
only three servants of the railroad suffered. 

Comparing witli this the travelling by horac-coaches ii 
the same region, we find that in seven years, from 1834 ' 
to 1840, 74 persons were killed, and 2073 wounded ! 

But few as are the accidents on railways ihey are still 
much more numerous than vhey need be. They may be ■ 
divided into those which arise from mismanagement andl 
negligence, and those which are caused by inherent faulbtl 
in the construction and working of the railroad. 

To the former class belong accidents from collisioiua 
When two engines and trains meet each other, or wheii^ 
one overtakes another, the destructive consequences, 
which so often ensue, are generally due to the careless 
ness or ignorance of the conductors, or engine-drivers 
of the train ; and are finally attributable to the false econ- 
omy of employing at a low salary incompetent persons. 
The danger of collision would also be much lessened, if 
trains running in different directions were confined inva 
riabiy lo one line of rails. 

Many accidents have arisen from a slow train being 
overtaken by a faster one. There is extreme danger in 
permitting one engine to follow anolfaer, except at very 
considerable distances ; and a mile is a very short dis 
tance when measured by the brief time in which a loco 
motive can pass over it. 

The practice of attaching an engine behind a train lo 
assist the frort one in the ascent of a steep grade, is also 
fraught with langer ; for any derangement of either en- 






gine inaaes it the anvil on which the otlier one falls like a 
trip-hammer, crushing every thing between them. 

The excessive speed demanded by the impatience of 
tlie travelling public diminishes the controlling power, and 
makea the consequences of any negligence or mahciou^ 
obstruction proportionally destructive. 

Wilful disobedience of orders on the part of engine- 
drivers and conductors, (us to lime, tuming-out places, 
waiting for other trains, &c.) reckless exposure lo powi- 
bilities of collision, and insane confidence in good-luck, 
are causes of the majority of accidents ; and though no 
faithful superintendent would permit such men to have a 
second opportunity for similar misconduct, yet the disas- 
trous effects of even the first faults might be generally 
avoided by employing only men of undoubted intelli- 
gence, experience, sobriety, and self-control, and securing 
the services of the very best of their class by liberal coni- 
pensaiions. 

The second division of accidents included those caased 
by inherent faults in the construction and working of the 
railroad. These may be in a great degree guarded 
against, by careful and continual inspeclicn of the line oftlie 
road, and examination of all parts of the engines and cars. 

The explosion of the locomotive boiler is often injnii 
OU8, if not fatal, to the engine-men, and by its stoppage 
of the train may cause a collision with a foliowing one. 

The settling of an embankment may cause a depres- 
sion of one aide of the road, which will compel the en- 
gine to ruQ off. The looseness of a rail, its breakage, 
{when supported only at intervals) the misplacing of a 
switch, &c., may produce a similar result. The destruc- 
tive consequences would be much lessened, if means were 
jKOvided for instantly detaching the train from the engine, 




or if ihey were bo coupled that ihey would be eeparal 
by any lateral strain. 

The breiikage of the ailes of the engine or carriages 
has caused many accidents ; but lliis danger is greatly 
lessened by llie eight wheels of the American cars,* and 
by the appendages of " Safety-beams." 

The sparks from the locomotive chimney frequently 
communicate fire to the train, and have thus, in one in- 
stance, caused great loss of life, increased by the impos- 
sibility of communicating the intelligence to the enpine- 
—driver in time to arrest the disaster. 
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" Many of the accidents which occur with the locomotive 
system might be prevented by a uniform, simple, and 
complete plan of signals. Red Bugs and lights for im- 
minent danger; g^reen for caution ; and while for safely, 
are leading features in all the systems. The signals are 
made by the policemen, who are, or should be, stationed 
along the line, to see that the rails are clear, to communi- 
cate InteHigence, to workihc signals, &c. 

The Danger signal is a red flag by day, or red glass 
lamp by night, waved backwards and forwards. The en- 
gine should be stopped the moment this signal is seen. 
Aiti/ signal, violently waved, should also cause an imme- 
diate stoppage. 

The Caution signal is a green ilag, or light, and sliould 
be obeyed by slackening the speed of the engine. When 
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tbe green flag is held so as to point upwards, il indicates 
rthat another engine is less than five minutes in advance 
of the one to which the eigna! is made. When hck 
pointing downwards, it enjoins a slow rale of speed as 
a precaution against defects in the rails al thai place. 

tThe Safety, or " All-right" signal, is a while lamp at 
aigbt, and hy day the upright position of the policeman 
ivith his Hags furled. 
These signals are made by the policemen, either with 
hand flags and lamps, or by arms which are moveable on 
signal posts, and worked by cords. 

In the absence of these conveniences the policeman 

makes the signal " All right," by extending liis arm liori- 

Kontall; ; the Caution signal by holding one arm straight 

np ; and the Danger signal by holding both arms 

aight up, or by waving violently a hat, or any other 

' -object. 

The Danger signal is always to be made immediately 
after any engine or carriage has passed along the hne, 
and is to be continued for five minutes ; it is also to be 
made whenever there is. any obstruction on the line, or 
any danger of it. 

The Caution signal is always to follow the Danger 
signal, and to be continued for five minutes ; it is also to be 
made wherever there is any reason for slackening the 
speed. 

The All-right signal is to be made only when the signal- 
man has satisfied himself that the line is clear, unob- 
structed, and free from any suspicion of danger. Every 
signal-man should immediately report to his nearest 
superior officer any instance of disobedience to the signals 
which he had made. 

In foggy wealberboth day and night signals are giv| 
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and in addition, when any emergency req aires the tmme- 
diate and certain stoppage of any train, a detonating com- 
pound, packed in a small box, is fastened to the rail with 
slips of lead, and explodes with a tremendous noise when a 
wheel passes oyer it, giving an unmistakeable signal for 
instant stoppage. 

White and red lights on the front and back of a train 
at night should be so arranged and combined as to indi- 
cate the direction, speed, dec. of the train. But all these 
precautions are finally dependent for their complete suc- 
cess upon the character of the persons in the emjdoiy irf 

the company. 

22 
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C ATMOSPHERIC PRESSURE. 

The fffessure of the atmosphere is uaiully assumed M 
be 15 lbs. on every square inch of surface, and though 
the equality of tliis pressure in all dicections renders il 
generally insensible, it becomes rery apparent to the 
senses when the hand is held on one end of a cylinder 
firom the ialcrigr of which tiie air is drawn oal by an 
air-pump. Il is this pressure which is the motive power 
if the Atmospheiuc Railway. 

The first idea of such a construction seems to have 
originated in 1805, in which year an Englishman, named 
Taylor, proposed to employ atmospheric pressure for 
sending letters and parcels from town to town. His 
plan was to lay a long tube, iike a gas or water pipe, be- 
tween the phices, and to fit into it an air-tight piston. If 
the air was pumped out from one end of such a tube, the 
pressure of the atmosphere would force forward the pis- 
ton, and any thing attached to it. 

In 1810, Medhurst proposed to make a tube, archway, 
or tunnel, large enough to contain carriages with passen- 
gers, to be propelled in a similar manner. But this scheme 
was never put into practice, for travellers did not relish 
the idea of being shot through a tube, like pellets in a 
popgun. 

The problem was now to devise some means of com 
municating the motion of a piston, blown through an air- 
tight tube, to a carriage on the outside of this lube. 

Medhurst, in 1627, proposed to make the desired com 
munication and application of power, through a channel, 
or groove, on the top of the lube, filled with water to 
make it air-light. He also suggested the use of a square 





ATMOSPHBRIC POWER. 

vilh lialf its top risinj^ and falling on hinges, 
I coming through the opening to connect tha 
piston to the carriage. 

Vallnnce, in 1824, patented a variation of the tunnel of 
Medhursl. 

Pinkus, an American residing in London, in 1834 pro- 
posed the use of a tube wiih a slit in its top and a sort of 
rope for the coTering valve. 

But no eubstanlial success was attained till Clegg, iit 

1S39, invented his flap valve, and, in conjunction with 

f Samuda, developed the present system. Fig. 144 is a 

Fig. 144. 



cross-section of the pipe, valve, &.c. The pipe, A, is of cast 
iron, and about eighteen inches in diameter. It is laid 
between tiie rails on which the carriages are to ran. 
Along lis top is a continuous slit, or longitudinal opening, 
through which is to pass obliquely the iron bar, or 
Mm, D, which connects the piston, C, with the carriage, 
if which HH is an axle. The valve which covers this slit, 
i which is shown in cross-section at B is easenttally a 
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strip of leatlier, one edge of which is fastened to one ?ide 
of the slit, so that the rest of It can rise anil fall, and thmi 
alternately open and close the slit. In the figure it ia 
represented as open. To strcngUien it, plates of iron, 
each eight inches long, are attached to its upper and under 
sides. The under ones are just wide enough lo fit into 
the slit J the upper ones are a little wider, lo prevent the 
Talve from being pressed into the pipe. On each side of 
the slit is a rib, or projection, cast with the pipe, and 
forming a sort of trough, at the bottom of which the vaivo 
5 when shut. This trough ia filled with a mixture of 
tallow and bees-wax, which, after being melted and cool- 
ed, adheres to the edge of the valve and makes it perfectly 
air-light. 









Fig. 145. 
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Fig. 143 ia a longitudinal section of the pipe, piston, 
and leading carriage. The same letters of reference are 
employed as in Fig. 144. 

A steam engine, at the end of a lenglh of 3 miles of the 
L j)ipe, works an air-pump, which draws out a portion of 
from the pipe, AA. The air behind the piston, 
1 at C) being no longer balanced by the air before 
B piston, presses it forward. The small wheels, EEE, 
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(hind the piston, i 



s the edge of lie valve in order to 



make way for the connecting arm, D, which draws 
carriage (of which HHH are the axles) onward with the 
piston. The small wheels, FFF, behind the arm, lift 
up the valve to admit the air more freely to press on the 
back of the piston. The piston and carriage thus pro- 
ceed as long as there is a greater pressure of air behind 
than before them. 

To re-sea! the valve, after the piston has passed, in 
readiness for being again exhausted, the second carriage 
of the train carries under it a small steel wheel which 
presses down the valve, and which is followed by a heater, 
or copper tube, five feet long, and filled with burning 
charcoal, which melts the composition in the trough anSj 
solders down the edge of the valve. 

To stop the train the brake may be applied ; or theg 
lever, shown at G in Figs. 144 and 145, may open i 
valve in the piston, and admit air in front of it to destroj 
the vacuum, and consequently the propelling power. 

When the carriage has reached the end of one length 
of 3 miles, it passes into the next length of pipe by an 
entrance, or equihbrium valve, ingeniously contrived lo 
permit the change without aifecting the vacuum. 

The power of this system depends upon the size of lIH 
pipe, and the perfection of the vacuum in front of the pis- ■ 
ton. If the pipe be 18 inches in diameter, the area of ihe 
piston will be 254 square inches, and if a perfect vacuum 
could be attained, the pressure of the atmosphere upon 
this surface would be 254 x 15 = 3810 lbs. Calling the 
friction 10 lbs. to the ton, this power would be sufficient 
to move 381 tons. In practice, however, the i 
seldom reduced below 8 lbs, to the square inch, or halfr 
an atmosphere, there being an unavoidable leakage. 
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, Tlic speed ia proportioned lo ihe rapidity with which 
the aii-pump exhausts ilie pipe, and lliercfore to tlie ve 
locity with which the air-pump piston moves, and lo ihe 
ratio between ils area and that of the travelling piston. 
Air rushes into a vacuum with a velocity of 800 miles per 
hour, and this is therefore the maximum limit of speed. 
It is probable, however, that a railroad which approxima- 
ted to this speed would find but few passengers, and a B 
in 63 seconds, or 58 miles per honr, is the aeacest<1 
proach to it yel made. 

The vacuum may be made not only by working an a 
pump by a steam engine or by water-wheels, but by fill- 
ing an air-ligiit vessel with water, subsequently allowed to 
run out at a depth greater than that at which the alB 
sphere will support a column of it. 

The lime required to exhaust a 3 mile length of | 
by the usual air-pump, is 4 minutes. Allow 5 minutei 
fur the train to pass, and the 4 minutes needed to eshauet 
the pipe again, would give 9 minutes as the least possible 
interval between the starting of trains, since only one 
train at a lime can be ou any one length of pipe. The 
application of this system to a Broadway railway, as has 
been suggested by some projectors, would, for tliis reason, 
be wholly impracticable. 

The principal advantages claimed for the Atmospheric 
Railroad by its advocates are the following : 

Ils cars can ascend any inchnation however sleep 
since the force capable of being applied does not depend 
it all upon the adhesion of the wheels to the rails, as in 

e case of locomolivea. At a certain degree of sieep- 
P*¥sa locomotive engines could not carry up themselves, 
J_l»uch less a load ; while the piston of an Atmospheric 
Dad would exert e<^aal force i its ^i^e were evca 
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The engine and lender being dispensed wilh, the force 
whicli would have been expended in moving their weight 
of 20 or 30 tons, is so much clear saving. 

The rails may be made much '.ighter and will laat much 
longer, wheie they have not to sustain the shocks of the 
locomotive, which is ihe most powerful agent in their de 
struct ion. 

High speed wilh locomotives involves great waste of 
power, in consequence of the diiadvantageous velocity 
with which the pistons must move. It is not so with ikm^ 
atmospheric system, 's ' 

But greater safely is one of the most important recom- 
mendations of [his system ; for the cars cannot run off 
the track, being securely attached to the pipe ; nor can 
they ever come into collision wilh each other, for no two 
trains can be on the same length of pipe at once. 

On the other hand, if any obstacle be on the track, 
tJiere is less power of stopping them, and none at all of 
reversing their motions ; and the great objection to the 
stationary engine system — that the failure of one link de- 
ranges the whole chain — apphes to this plan also. 

But the comparative economy of the Atmospheric and 
Locomotive systems is the principal element in deter- 
mining their relative mcrila. Much greater cheapness of 
working is claimed, by its partisans, for the atmospheric 
system, but liiis is strenuously denied by other engineers, 
iH«nd the testimony is so conflicting and varying, m conse- 
Lquence of the insulBciency of ihe data, that no satisfac- 
tory conclusion can be arrived at. The balance of argu- 
Bent seems, however, to be against the profitable employ- 
lent of the system in ordinary cases. Under some pecu 



S40 RAIL-KOIIM. 

liar circumstances, howcTer, soch as the case of a 
with steep grades, on which light trains must be run at 
short intervals, it may probably be advantageously ap 
plied. 

The longitudinal valve being the weak point of the sys- 
tem, several attempts have been made to dispense with it. 
lie most successful inventions have been those of Pil- 
brow ; and of Julien and Vallirio. 

Compressed air. Carbonic acid gas, Electro-magnetism 
&c., have been also proposed as motive powers for raihroads, 
but none of them seem Ukely to rival, in power, speed, or 
economy, that most magnificent and life-like ^f all humam 
creations, the Locomotive Engine. 
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CHAPTER VI. 



THE HAKAGEHENT OF TOWN ROADS. 



" The laoDBj levied is i 
culinfr in the completeat : 
very sloronly maoner, am 



ID double of what ta d 
the ivotk, which is often eiecuted ii 
not executed at aU." 

Adam Smitr. 



A WISE anJ well-regulated system of managing the re- 
pairs of roads, and of obtaining ihe greatest degree of 
improvement witli the least amount of labor, is as impor- 
tant as their judicious construction. The " Road-laa^* 
system, of personal service and commutation, though 
nearly universal among us, is unsound in its principle, 
unjust in its operation, wasteful in its practice, and unsat- 
isfactory in its reaults. Borrowed from the " statute -la- 
bor" of England, and the " Corvee" or " Prestation en 
nature" of France, like them it is a remnant of the times 
of feudal vassalage, when one of the tenures by which 
land was held was the obligation to make the roads passa- 
ble for the troops of the lord of the manor. The eyil 
consequences of the system will be examined, when we 
have briefly explained its organization in the state of New g 
York, where it has been rendered as perfect as its natural 
permits.* 



■ A CDBveiiiDiit edition ol' Uia rcyiued ro 
vu puUiahf d et Rochcsiet in 18-15. 



with commentiiriet, bia. 



THE MANAGEMENT OF TOWN ROADS. 



i 

^^K^The directing power is vested in " Commissioners oi 
^^^^hways," who are chosen in each town at the annual 
town meeting, and have "the cure and superintendence 
of the highways and bridges therein." Subordinate to 
them are " Overseers," of whom are chosen, at the annual 
town-meeting, as many as there are road districts in tlie 
town. The commissioners have tlie authority lo direct 
the overseers as to ihe grade of the road, how it should be 
shaped and drained, and the hkc. They may also lay out 
new roads. The principal duties of the overseers are to 
summon the persons subject to perform labor on the roads, 
to see that tbey actually work, and lo collect fines and 
commutation money. The commissioners are lo eslimaie 
the cost of improvements necessary on the roads 
bridges of the town, and the board of supervisoro are 
cause tlic amount to be levied, biu williin the limit, for 
one year, of two hundred and fifty dollars. But, if a Icj 
town meeting so vote, the supervisors may levy " a 
of money, in addition lo tlie sum now allowed by law, 
exceeding five hundred dollars inany one year." 

" Every person owning or occupying land in the town 

m which he or she resides, and every male inhabitatH 

above the age of iwenty-one years, residing in the town 

where the assessment is made, shall be assessed to woit 

on the public highways in such town." The lands of non- 

residenls are also to be assessed. The whole number of 

days' york to be assessed shall be at least three limes the 

number of taxable inhabitants in such town ; and may be 

M many as the commissioners shall think proper. 

Persons assessed to work on the highways, upon 

ll ceiviiig twenty-four hours' notice from the overseers, ini 

1 appear cither in person, or by able-bodied substitutes 

par a sum of one dollar for each day's neglect. 
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they sball bave previously commuted at the rate of sizti 
Iwo and & half cents per day. A team, cart, wagon, 
ploii^i), with a pair of horses or oxen, and a man lo inaa' 
age ihem, satisfies an assessment of three days. 

Such are ;he principal features of the present syatci 
They are all .lefective in a greater or less degree. 

Ill the first place, the condition of the roads, which 
so important an element of the wealth and comfort of tlw 
whole community, should not be allowed lo remain al the 
mercy of the indolence, or false economy, of the various 
small townships through which the roads pass. In one 
town, its pubhc spirit, wealth, and pride, may induce it to 
make a good road ; in the adjoining town, a short-sighted 
policy, looking only to private interest in its narrowest 
sense, may have led the inhabitants to work upon ihe roads 
barely enough lo put them into such a condition as wi!l 
allow a wagon lo be slowly drawn over them. 

In tlie next place, the " commissioners" who have 
primitive direclion of the improvemenls and repaii 
should be liberally compensated for the lime and atten- 
tion which they give to the work, Graiuitous services 
are seldom efficient ; at best they are temporary and local, 
and dependent on the whims, continued residence, and 
life of the party ; and if the compensation be insufiicient, 
tlte same evils exist though in a less degree. Skill, labor, 
and time cannot be obtained and secured without being 
adequately paid for. 

The third defect in the system is the annual election 
of the commissioners and overseers. When men of 
suitable ability, knowledge, and experience have been 
once obtained, they should be permanently 
olEce. On the present system of annual rotation, 
as the overseer has learned somethmg m lua 
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apprentice si lip, his experience is lost, and another takes hti 
place, and begins in his lurn to take lessons in repairing | 

roada at tlie expense of their condition. In other occu- | 

pations, an apprenticeship of some years is thought i 
ccssary before a person is considered as qualified to prac 
tise with his own capital ; while a road overseer, 1 
moment that he is chosen, is thought fit to direct a v 
requiring much science, at the expense of the town's 
ilal of time, labor, and money. 

In the fourth place, ilie fundamental principle of t 
Road-tax is a false one. Its contemporary cuslom of v 
quiring rents to he paid in kind, has long since been found 
tu be less easy and equitable than money rents. Just so 
is work paid for by the piece preferable in every respect 
to compulsory labor by Ihe day. Men are now taken from 
their pecuhar occupations in which they are skilful, and 
transferred to one of which they know nothing. A good 
ploughman docs not think himself necessarily competent 
to forge the coulter of his plough, or to put together its 
woodwork. He knows that it is truer economy for him to 
pay a mechanic for his services. But the laws assume 
him to be a skilful road-maker — a more difficult art than 
plough-making — and compel him to act as one ; though 
his clumsiness in repairing his plough would injure only 
himself, while his road-blunders are injurious to the whole 
community. Skill in any art is only to be acquired by 
practical and successful experience, aided by the instruc- 
tions of those who already possess it. An artisan cannot 
be extemporized. 

Fifthly, labor by the day is always less protitable t 
that done by the piece, in which each man's skill and i| 
duatry receive proportionate rewards. Working ( 

ids is generally made a lialf holiday by those who « 
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eemble at tbii summcns of ihe oyersecr. Few of the 
or horses do half a day's work, the remainder of 
lime being lost in idleness, and perhaps half of even th« 
actual working time being wasted by its misdirection. 

Lastly, it follows from the preceding, that the commu 
tation system operates very unfairly and severely upon 
those who commute ; for they pay the price of a full 
day's work, and (heir tax is therefore doubled. 

Such are the principal defects of the present systeifl' 
of managing the labor expended on town roads. But it ia' 
much easiertodiscoverandloexpose, than to remove them. 
In the following plan the writer has endeavored lo 
bine the most valuable features of the various European 
systems, and to adapt ihem to our peculiar insiiiuiions. 

In each Stale, a general legislative act should establish 
all the details of construction, and determine definitely 
" What a road ought to be," in accordance with the theory 
and practice of the best engineers. Surveys should be 
made of alt the leading roads, and plans and profiles of 
them prepared, so that it might be at once seen in what 
way their lines could be moat efficiently and cheaply im- 
proved. 

The personal labor and commutation system should bo 
entirely abolished. If the town-meeting would vote a tax 
in money of fialflhe amount now levied in days' work, its 
expenditure under ihc supervision to be presently de- 
scribed, would produce a result superior lo the present 
one. When the road is a great thoroughfare, extending 
far beyond liie town, it would be unjust to levy upon it all 
the expense ; and a county tax, or, in extreme cases, a 
stale appropriation, should supply what might be necessary. 

In regulating the expenditure of the money raised, the 
fuodamenu! principle, dictated by the truest and most 
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MANAGEMENT OF TOWN ROADS. 



far-Sighted economy, should be to sacrifice a portion ^ 
the resources of the road to ensure the good employmevH 
of the remainder. The justice of ihis principle needs no 
argument ; its best mode of apphcation is tlie only diffi 
cully. The first step ahouid be lo place the Tep&irs of 
the roads under the charge of a professional Road-maker 
of science and experience On his skill will depend ihe 
condition of the roads, more tlian on local circumeiances 
or expenditures. His qualifications should be tested bj 
a competent board of examiners, if he should not have re- 
ceived special instructions in the requisite knowledge, 
such as might well form a peculiar department of educa- 
tion in our Colleges and Normal schools. As each town 
by itself could not afford to employ a competent person, 
a number of them (more or less according lo their wealth 
and the importance of llie roads within their bounds) 
should unite in an association for that purpose. 

The engineer thus appointed should choose, in eacl 
township, an active, industrious man, of ordinary educa- 
tion, to act as his deputy in making the e.vpendilurea m 
that town, and as foreman of the laborers employed during 
the season of active labor on the roads. This deputy 
might be busily and profitably employed during the en- 
lire remainder of the year, in constantly passing over in 
due rotation the wiiole line of road under his care, and 
making, himself, the slight repairs whicli tl>e continual 
wear and tear of the traffic would render necessary. If 
taken in time, he himself could perform them ; but if left 
unattended lo, as is usual, till the season of general re- 
pairs, the deterioration would increase in a geometrical 
ratio, and perhaps cause an accident to a traveller, whicii 
would subject ihe town lo damages tenfold the cwt «f 
repairs. 







NEW SVaTEU PROPOSED. 

The laborers hired by the deputy in each lown should 
be employed by piece-work aa far as Ib possible. This 
can be carried out to a great exleut, when the auperin- 
tendenl is competent to measure accurately the various 
descriptions of work, and to estimate their comparative 
difficulty. When the work cannot be properly executed 
by portions allotted to one man, it may be taken by gangs 
of four or fiTC, who should form their own associations, 
make a common bargain, and divide the pay. In work 
not susceptible of definite calculation as to quantity oi 
quality, and in such only, day-labor may be resorted to 
under a continual and vigilant superintendence. 

In such a system as has been here sketched, the money- 
tax would be found lo be not only more equitable than the 
person a! -labor system, but even less burdensome. None 
of it would be wasted ; and those who had skill and 
strength for road-work would receive back, in wages, 
more than their share of it ; those who were skilful in 
other work might remain at that which was most profitable 
to them, and pay only their simple share of the road-tax, 
not double, as when they now commute ; and the only 
losers by the change would be the indolent, who were 
useless under the old system, but under this, would be 
obliged to contribute their share ; whUe great gain in 
every way would ensue lo the community at large. Th» 
subject urgently demands legislative attention. 
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APPENDIX. 

(Beferred to on Pags 117.) 



CALCULATION ( 



EXCAVATION AND EMBANKHENT. 
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2^29,767 


1,660,140 



In the above tabular view, the first aeven culumns are traasferiei] 
from page 116. The remaining columns of areas and cubical con 
tents are lilled up by the fnllowiag calcukiiona, osBuming at 50 feel 
ihe width of load-hed ; which will be Ihe bottom of a cutting, oi 
the top of an embankment, al a height jnst sufficient la equalize the 
eleiationa and depressions of ihs (inal transverse profile of the sur- 
face of the road. The side-slopes of the escavalions are supposed 
to be IJ 10 1, and those of the embankments 2 to I. We are now 
prepared to lake up, in turn, each of the four usnal method* of cal 
culaiian. 



1. CALCULATION B1 

ItOD 1 theio is neitber 
i, oppOBJle that staiion 



At station 3, Ihe crass-sectiOD of the e 

fgurs. The "Distaneeaoufortheaide-slopea are li X 18=27 

I feet. The lop width is therefore 2T + 50 + 37 = 101 feet. Tho 






104 + 50, 



X 18^ 



' otherwise, i 






ingatai portioDS e<^al a, rectangle of Ihe same base and height 

one of them, Ihe area — (50 + 1 l x IS) X 18 = 1386. 

Kl Btation 3, the area equals (SO + U X 30) X SO = IGOO. 

^t station 4, (be Excavaijon eods, ot "(oos out," and the area 

0. 

Fig. 147. 



At Btalion 5, the section of the embankment is shaped u in tb* 
figuie, and has an area = {50 + 3 x 19) x 18 = 1679. 

Al station 6, the area = (50 + 3 X 8) X 8 = K8. 

At station 7, the area = 0. 

The column of End-Areas is thuB filled. 

The Cubical Contents are next to be calculated. 

The maas between stations t and 3, has an area of al one end. 
d3d of 1386 at the other, and is 5G1 feel long. Its contents, by iImi 
aethod which we now employ, will equal the average of lh« xma 

561=388,773 



aulliplied by the length ; 



11 equal t 

0+1386 




1 



The conleDlB of the second 
I "86 + 



that between 3 a.nd 3, cqualii 
X 858 = 1,250,994 cubic feel. 



— 2 — — X 635 — 060,000 cubic feet. 

ends, and the embankment begins. 
+ 1672 



The third 
Here the 
The fourth maaa — " ' '"'" X 930 = 685,520 cubic feet. 



826 = 907,500 cubic feet 
) = 87,120 cubic feel. 



These reaulls, being in cubic feet, should be divided bj 27, lo 
reduce them to cuiii: yards, the denuininatioD in which eslimatea 
me made and conlractora paid. This reduction wouM be facilitated, 
if the measuring tapes and rods were divided into yards and theii 
decimal parts ; or if the distances of the elatioua were always 
some multiple of SJ feet. 

The results thus obtained, by ateragiog the end-areas, exceed 
the correct amount, as will appear from an inspecliun of the figure 
on the following page, from which may also be deduced the cor- 
rection to be applied. 

This figure presents a perspective view of a tapering prismoidal 
mass, sucb as is an excavation of unequal size at its two ex- 
Ireinitics ; ABCD being the area of its largest end, and EFGH of 
its smallest. Conceive a plane, parallel to the base of the cutting 
CDHG, to be passed through EF. It would cut the larger end in 
Ibe line IJ, leaving below it a quadrangular prism, with equal bases 
EFGH and CDIJ. Subdivide the remaining figure, by raising the 
vertical lines IL and JK, and passing a plane through IL and E, 
aud another through JK and F. Tlie interior body thus formed 
appears wedge-shaped, but is a triangular prism, equal lo half the 
quadrangular prism, which has IJKL for base, and IE or JF for 
height. There remain Iwo triangular pyramida, — ona with base 
AIJ and vertex E, and the other with base DJK and vertex F. 

The prismoid being thus dissected, llie conlenta of llie quadran- 
gular and of the triangular prisms would be correctly obtained by 
multiplying the sum of the bases or end-areaa by one-half lbs 
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trianguUr portions equal a rectangle ot the same base and height 


ts one of them, the area = (50 + II X 18) X 18 = 1386. 


^^ At station 3, the area equals (liO + li X 20) X 30 = 1600. ^^^J 
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^^B %Di^ and has an area = (50 + 2 X 191 X 16 = 1679. ^^^H 


^^B At Nation e, the area = (50 + 3 X 8) X 8 = QB. ^^^H 


^H^ At the area ^^^H 


^^V' The colu[nn of End-Areas is thus filled. ^^^^| 


^^ The Cubical Contenli are nest to be calculated. ^^^ 


The misa helween stations 1 and 3, has an area of al one end. 


-:id of 1386 at the other, and is 561 feel long. Its contend, by tlul 


^^^ method which we now emjiluy, will equal the aTctige of the lw« 


^^h arenB, multiplied by the length ; i. e., ^±i^ x 561 = 388,773 


^ 1 




-X 858 = 1,280,094 cubic feet. 
__ ICOO + ^ 



ids, and the embank meal begins. 
0+ 1073 



X 823 = 907,500 cnljio feet 






18 + P 



;330 = 87,130 cubic feel. 



Theae results, bein^; in cubic feet, should be divided by 37, I 
reduce Itiem lo culiic yards, the denomination in whicli esliuiales 
&ie mode and conlractora paid. This teduclian would be faciliiated, 
if llie measuring tapes and tods were divided into yards and Iheit J 
decimal parts; or if the distancea of the stations were alwayvl 
some multiple of 54 feet. ' 

The results thus obtained, by aTeraging the enii-areas, exceed 
the correct amount, as will appear from on inspection of the figure 
on the following page, from which may also be deduced the cor- 
rection to be applied. 

This figure presents a perspective view of a tapering prismoidal 

Iremilies ; ABCD being the area of its largest end, and EFGH o( 
its smalleat. ConceiTe a plane, parole) to the base of the cutting 
CDHG, to be passed through EF. It would cut the larger end in 
Ihe line IJ, leaving below it a quadrangular prism, with equal bases 
EFGH and CDU. Subdivide the icmaining figure, by raising the 
vertical lines IL and JK, and passing a plane through IL and E, 
and another through JK and F, The interior body thus furmod 
appears wedge-shaped, but is a triangular prism, equal to half the 
quadrangular prism, which has IJKL for base, and IE or JF for 
height. There remain two triangular pyramids, — one with base 
ALI and vertex E, and the other with base liJK and vertoi F. 

The prismoid being thus dissected, the contents of the quadran- 
gular and of the triangular prisms would be correctly obtained by 
multiplying the sum of tlic bases or end-ajeas by one-half the 



APPENDIX. 

length ; but t« find (he contents of the pyramids, ibeir baaes should 
be multiplied by one-third of their length. The melhtMl v( calcula- 
tion which we have employed multiplies the sum of the end-areas 
of the original figure, (which is composed of the prisms and pyra- 
mids which we are discussing) by one-half the length ; and there- 
fore gives a result too targe by the difference between a half and a 
third — I. e., by a sixth — of the product of the bases of Ihe pyra- : 

., ,_ ^ - , ^ . JKxKB-l-ILxrA^, 
mide by their length : i. e., r ^X ■ 

Represenling by d the tlitfercnce of the depths of the end cn^ m 
tings, the ratio of the aide-slopes by » to I, and the length of tha 
culling or filling by I, the error in excess will be 
dXsd+dXsd J^sd^l 

If this be calculated for each mass, and subtracted from Ihe result^ 
previoualy obtained by averaging end-areas, the rer 
equal the result obtained by the correct prismoidal formula, to bs I 
hereafter exacnined. Thus, for the mass between Blalions 1 and 9, ( 
IJ X 16' X 561 , 

the correction is — ^ =45,411, — giving a remainder J 

= 388,773 — 45,441 = 343,333, which is the correct amount. Tha I 
original and corrected amounts are presented below in a tahulir^ 
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We IhoB see that Ihe method of calculating e: 
bankmonlby averaging the end-areas, though very generally used.^ 
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,*ta mt insarrctl ihal in Ihe preKiit euinple iU excess over the tnilli 
to neaily 130,0(10 cubic feet in the excDvatiDo, nnd 140,000 in tha 
•mbsnknienl, or 370,000 in the whole, equal to 10,D00 cubic yudi. 
If lliis method had been used in eitimating the pajmcnl dua to t 
fmntractor at 10 cents per yard, he would have been coDsequendj 
'Overpaid tlOOO. 

2. CALCULATION B? THB MIDDLE AHE4S. 

The second method of calculation ia to deduc« the middle ana 
of each prismoidal maaa from tjie middle height, or arithmetical mean 
of the extreme heights, and multiply it by the length. 

Applying litis method to tUe preceding example, and adopting tbs 
columns 1, 3, 6, ftnd T of tlio table on page 116, we obtain the le- 
sults exhibited in the last three columns of the following table. 
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die at«M" in the sixth column of Ihe above Ubie. 


MiddUbeight^ 0. Middle area ^(SCH-I|X 9) X 9 = S7l.5 


" —IB. " " =(SO+ip<lB) XIO =1491,5 


" " =10. " " =(60+1^X10) XIO =650. 


" " = 9.5 " " =C50+SX 0.5)X9.5 = 655.5 


" " =13.5 " " =(50+2X13.5)X135=1039.5 


- '* =4. " " =(50+2X4) X4 = 33». 


The CuUcal contents are ihea oslcdated as follows : 


571,5 X5ri= 3Q0,6U.5 cubic feet. ^M 


, 1491.5X855 = 1,379,707. " « ^M 


k QSO. X835= 630.250. " " -^H 


1 665.5X8^0= 537,510. " * .^^^^1 


1030.5X833= 857.587.5 •*■ <^^^^H 
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The results ihus obtained are loo sina!! keir deficiencj being 
cqaal to just half the excesE of the firBt melnod. This will appear 
b; again refeiring to the Ggore oq page 352. It will be seen that 
the conienis of the prisms in thai figure wii! be correctly given by 
iJiia method, but that the dcricicncy ia in the pyramids. Calling 



'heir middle heights - ; their middlQ widths will bi 



1 their mid- 



le of Iheni al -g ; and of the two 

,, . /dXsd ij 
lie pyramids la 2 ^ -^ X ^ ■ 

= j1 ^ ; and the delicieney of the method of middle areas ia 

iherefore the difl'erence between a iJiird and a fourth — i. e. a twelfth 
—of the product of the bases of the pyramids by their length, or 
— . Corrections thus calculated, and added ta the aboi<e resulta, 

would make them coincide with the true ones given by the pris- 
nimcla.1 fomiulfi, which we will next consider. 

H 9. QAIftrLATIOIT RT THE 7BIS1I0IDAL POUtEULA. 

^^ The mmsB, of which the Tolume is demanded, is a true Prismoid, 
and its conect contents will therefore be given by ibe well-known 
prismoidal formula, which is as follows : 

Find the area of each end of the inau, and also lb»iniddle area 
corresponding to the arithmetical mean of the heights of tb» two 
ends. Add together the area of each end, and four times the 
middle area. Multiply the sum by the length, and divide the pro- 
duct by 6. The quotient will bo the true cubic contents required. 
Applying this method to the original example, and adopting col- 
s 1, 2, e, 7, 8, from page 319, and the middle ueas frora page 



may prepare the following labia i 
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The mai 
u fullon-a 



r of obtainiDg the aniauTiiB in Ihe last two eolumnt i« 



(0 + 1386 + 671.5 X 4) X -— = 

(13B6+ 1600+1401.5 X 4) X -|— = 

825 
(1600 + 0+650 X 4) X — = 

CO + 1672 + 655.5 X 4) X -|^ = 

QIC. 

C1672 + 538 + 1039.5 X 4) X - 
(038+ 0+ 233 X 4) X ^ 



= 1,380,138. 
: 577,500. 



- = 87*,»25. — 



80,080. 



WhuCever the shape of ihe rnasa of earth Latetcepted hetweeo 
two parallel croas- sec lions, it maybe divided into prisms, pyrftmids, 
wedges, or fruslra of pyramids, to all which, and (heiefora to Ui* 
entire masa, the prismoidal formula may be correctly npplied.* 

The lahor of the culculaiion may be much lessened by the om 
of tablea, such us Ihoae ofMacneill, Bidder, Fourier, Johnson, Sic. 
A specimen of Macneill'e ia given al (he end of the volume. 

The prismoidai formula may he readily deduced from the dia. 
•ecled figure on page 353. Call the height of the lesser end A; of 
(he greater end g; Ihe breadth of baaa b; the ratio iif the eids- 
■topes to unity i; and the length I. Then we may proceed thoa: 

• ./ourual of Ihe FratiWin ItistilMs, Juvaii^ hiA Sm*, VS4fl 
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Area of the smaller end EFGH = h{b + sh) z=zhh + sh\ 

.*. Content of the lower prism = {bh + sh?) X /, . " . • [A] 

Area of rectangle IJKL = ( J + 2sh) (g — h) = bg+ 2sgh 

— M — 2*A'. 

/ 
.'. Content of the upper prism = (bg'\- 2sgh — bh — 2*A*) Xr:* [B] 

Bases of the two pyramids = (g — h) X s (g — h) =*g* — 
2sgh + sh\ 

.*. Contents of the pyramids (55^ — Qsgh + sh^X-Zt • • [C] 

Uniting the expressions for the partial contents [A], [B], and 
[C], and reducing them to a common deaominator, we get for the 
contents of the prismoid, 

(fibh +6jA»+ 3bg + esgh — 3bh — 6M» + Qsg" — 4sgh + 2sk*) X ~ 

=z{3bh + 3bg + 2sgh-\'2sg^+2shr) X^ [D]. 

This expression may be decomposed into the following : 

(bh + sh'' + bg-\'Sg' + 2bg + 2bh + 2sgh + sg' + sh^ X L 

The first two terms express the area of the smaller end of the 
prismoid, and the next two the area of the larger end. The re- 
maining five terms may be transformed into 

which is the expression for 4 times the middle area ; thus giving 
the prismoidal formula. 

The formula [D], giving the contents of the prismoid, may be 
transformed into another, more Convenient for calculation than the 
usual prismoidal one. By separation into factors, it becomes, 

[2s(gh+g' + h^ + 3bih + g)]X^ [E] 

vhich gives the following 

ttULJE. 

Add together the squares of the heights at each end, and their 
{product. Multiply the sum by twice the ratio of the side-slopes to 
unity Reserve the product. Multiply tie suin of the heights by 





MP^H 


^^H CALCD 


™, .,.,„.=,» .»..„„. '^^ 


^^H At ataUoD Iheie 


is neither cutting nor filling. The end-area ia 


^^^1 voluma 8, opposite Ih&t station, is tbeiefore 0. 




Fig. 14D. 




104. 


^H V ^^' 


50. 


37. ^ 


■ ^ 

^^^B At Btation 2, the c 


50. 


y^ 


TDBa-sectiou of the excava 


ion is shown in the 


^^^H figure. The " Dista 


ncesout"ofthe8ide.slopes are IJ X 18 = 27 


^^H feet. The top 


is tlierefore 27 + 50 + 37 = 104 feet. The 


^^B 104 + 5 

^— »re. equals ^ 


X 18 = 1386; or otherwise, iince the two 


triangalat portions equal a rectangle ot the same base and height 


L ta one of them, the 


rei = (50 + 1^- X 18) X 18 = 1386. 


^^H At station 3, ihe a 


■ei equals (00 + IJ X 20) X 90 = 1600. 


^^^b ' At stalion 4, the £ 


xoavation ends, or "runs out," and the am 


^^H CO. 




H 


Fig. 14T. 




50. 




^H j^y-""^ 




^^^/. 


^^H ^ 38. 


50. 1 38. ^\ 




126. 


^^H At station 5, the se 




^■^ figui^, and has an ar 


a = (50 + 3X19)X 19=1673. 


P At slilion fl, Ihe a 


ea = (50 + 3X8) X 8 = 536. 


At atalion 7, the a 


■ea=0. 


I The column of En 


d-Areas ia thus filled. 


^^H The Cv.bical Cant 


nis are nest to be ealoQlated. 


^^B The miss between 


stations I and 3. has an area of at one end. 


^^H d3d of 13S6 at the other, and is 561 feel long. In conientB, by tkM | 


^^^ method which we no 


w employ, wiii equal the average of the t«M 1 




he length ; i. e., ^^^ x 561 = 388,773 1 


f wWcfaet 


^^■^B 



I 



The contents 


1 of the second mass, that between 3 and 3, ( 


1336 + 1600 

2 ^ 


: 858 = I^80,3B4 cubic feet. 


The third m= 


lGOO + 
iss = —-^^^ X 826 = 660,000 cubic feel. 


Here the exc 




The ronrih n 


0+ 1672 
lasB ^ -^ X 830 = 685,520 cubic feet. 


The fifth mai 


,g _ IS7B + 528 ^ g^^ _ g^j^^gp^ ^^j^j^ j.^^j 


The B«th me 


isa =^^^~-X 330 = 87,120 cubic feet. 



These results, being in cubic feet, should be diTided by 27, to 
reduce Ihem to cu&ii: yards, the denomiuatjon in which cEtimatea 
are made and contractors paid. This reduction would be fiicilltated^ 
if tlie measuring tapes atid rods were divided into yards and 
decimal parts ; or if the diElances of the Htaliooa were al 
some multiple of 54 feet. 

The reGulls thus obtiiued, by averaging the end-areas, exceed 
Ihe correct amount, as will appear from an inspection of the figure 
on Ihe following page, from which may also be deduced the cor- 
rection to be applied. 

This figure pieseols a perspective view of a tapering prismoldal 
mass, such as is an excavation of unequal size at its two ex- 
Iremiiiea ; ABCD being the area of its largest end, and EFGH of 
its smallest. Conceive a plane, parallel to the buse of the cutting 
CUUG, lo be passed through EF. It would cut the larger end in 
the line IJ, leaving below it a quadrangular prism, with equal bases 
EFGH and CDIJ. Subdivide the remaining figare, hy raising the 
vertical lines IL and JK, and passing a plane through IL and E, 
and another through JK and F. The interior body thus formed 
appears wedge-shaped, bnl is a triangular prism, equal to half the 
quadrangular prism, which his IJKL for base, and IE or JF fc 
height. There remain two triangular pyramids, — one with 
ALI and vertex E, and the other with base RJK and vertex F. 

The prismoid being thus disaccied, the conlenls of Ihe quadran- 
gular and of the triangular prisms would be correctly obliined by 
multiplying the sum of the bases or end-areas by one-half the 




.„ .J 



Wheo the 

ftpart, (as is usual 



L, SEBI£S OF EqUAL DISTANCSS. 

B have been taken at uniform distiacei 
D the final location of s Road or Railroad, ona 
hundred feet being the cuBtomary internal] the (calculation of ti;e 
cobical contents or the succesaire prianaoids may be reduced to a 
single operation for the whole seriea, and therefore much shml- 
encd, by the use of (he symmetrical formula which will be noir 
investigated, and presented in the form of a Rule. 

Through the first prismoidal mass of earth, conceive two verti- 
cal planes to pass lengthwise, cutting it in the linea in which the 
aide-slopes meet the base of the road, (which ia the hottom of an 
excavation, or the top of an embankment) as the lines CG and 
DH, of Fig. 13S. These pjanea divide the ptiamoid into a cen- 
tral prism, and two pyramids or frusta. The content of the enlirt 
prianioid is expressed, according to formula [G], page 3SB, by 



This may be decomposed into 



. IGl 






[3t(g + hy-2sgh]X^^ 



Hlg+hT-gh] . 



■ M 



Formola [K] expresses the content of the central prism, and for- 
miila [L] that of the two pyramids or frusta. Denoting the end 
depths (without regarding which is the greater) hy A and A', (lbs 
former representing the depth at the stnrling point, and the lattw 
that at the farther end) the formds become 

■J {*+*■) [M] 



Considering now the next priamoid, or following length of bim- 

■fliion, (or embankment) its first depth is seen to be identical wiik 

thai depth of ttiepieceAiti%'^t\«ma\Ci,\. «.\v\%K. CiUiDctbi 
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depth at its farther end h''^ the content of its central prisma bj 
formula [M], will be 

. The content of the third length will similarly be 

J (A" + A'") 

and 80 on for the succeeding portions, / being the same in eaoh. 
The sum oi any number of these will be 

j[(^ + AO+(A'+A")+(A" + A'") + &c ] * 

= ^ (A + 2A' + 2A" + 2A'" + &c.) 

Designating the last depth of the series by H, this expressioa 
may be written 

hi (A + h'+hr+h'*^'\-hy+ &c +2) . , . . [O] 

Expressed in words, it then gives this 

RULE. 

To find the cubical contents of the central prisms, add together 
half of the first and last depths, and all the intermediate depths. 
Multiply their sum by the breadth of base, and that product by the 
length in feet of one of the equal distances. The last product will 
be the contents in cubic feet. 

The content of the two pyramids or frusta, on each side of tho 
central prism, is for the first length, by formula N, 

y[(A + *0'-A*T 
For the second length it is ^ [(A' + A")'— A'A"] 

For the third length it is ^ [(A" + h'^—h^'h'"] ; and so on. 
For any number of equal lengths, the sum of the contents is 

V i^'* + ^y + (^' + *">' + *^- — ^ + ^^'^ ^"^^ ^^^ 




SW APPEHBIZ 

EipTMsed in woids, il gives this 



To find ihe cubical couleal at Ihe p^ramidi or frusta, square ihe 
(um uf Ihe first and seconi] dcpchg, the eecoad and third, ihe thitd 
and fourth, aud so on, and add tlieae squares together. Multiply 
the first depth by the second, the second by the rhird, and so 
and add the products together. Subtmct the sam of the produeU 
from Ihe sum of the squares. Moltiply the diflereace by the length 
in feet of one of the equal distances, and that product by the ratio 
of (he side-slopes to onily. Divide the last product by three, : 
the quotient will be the content in cubic Teet. 

The Gam of the two contents, thus obtained by formulK [O] and 
[F], oi by the Rules derived from tltem, will be the total content 
required. 

Tn the following example, iho width of base is 30 feel, the side- 
slopes S to 1, and the equal diElances, at which the levels were 
taken, are each 100 feet. Therefore 6 — 30, * = 3, i = 100, ind 
h,h', h" =■ the successiTO numbers in the third colamn of thetiUe. 
Id substituting the values of the quantities in the fotmulE they will 
be more conveniently written under each other. 



aiatton. 


!«««>«. 


Depth. 






= A 




100 


S. =A' 




100 


4. - A" 




100 


3.=*'" 




100 


5.-AV 




100 


i.=h' 




JOO 


4. = H 



The content of Ihe central prism, by furmula [0], ^ 



■ = 30 X 100 X I ■ . = 51000 . cubic feet. 



of llie pyramids and frusta, b; foimuift [P], 



(0 + 3)' 


+ (3 + 4)' 


+ (4 + 3)' 


+ (3 + 5)' 


+ {6 + 1)' 


+ (1 + i)' 





4 








+ 35 




B 




+ 40 




+ 13 




+ G1 




+ 15 




+ 36 




+ 5 




+ 25 




+ 4 




SU 




44 



&1U00+ 11333.^ 



I cubio feet = 330S.G cubic yards : 



FOR CALCULATING EXCATATIOH AXD EMBANKMENT. 

The Tables at ihe end of Ihis voiume iie exdacted from thtise 
of Sir John Macneill, veteiied lo on page 356. The numerals al 
the (op and side of each table represent the depths or heights of 
Ihe ending or filling at its encis. The numbers in the body of Ihe 
(able iadicalQ the number of cubic yards for the corresponding 
depths, and for a longitudinal diaianoe of 1 foot. Thus, if the 
slopes of a given cutting be t J to I, the b&se 30 feet, the depths at 
the mo ends 3 and 5 feet, and the distance belwct^n them 100 feet, 
find in Tablb I. the numeral 3 in the aide column ; follow out the 
boriiontil line corresponding to it till it meets the vertical column 
under the numeral 3 in the top line. At the intersection is 3,31, 
the cubic yards fur a distance of 1 fool. Multiply thia by 100, and 
the product is the numboc of cubio yards required. 

The use of such Tables is limited by the inoonvenieni-.e of 
leaking them voluminous enough to embrace every variety of slope, 
base, and depths, (though the fractional numbers wanting may be 
bterpolated) but in the cases lu which they apply, they unite the 
advantages of greatly lessened labor, and increased accuracy. 






A fourth method, called ihat of " Mean proportionals," is si)m» 
limes, though vary improperly.employed, It assumes implicitly lliat 
the tniiaH is a frustum of a pyramid, t. e. thai all its sides, if p(i>- 
duced, would intersect in one rertex, s supposition which would 
very seldom be perfect]; true. On this assnmplian Ibe following 
ia (he Rule. 

Add together the areas of the two ends, and a mean proportional 
between them, (found by extracting the square root of their product) 
and multiply the sum of these three areas by the length of the 
frustum, and divide the product by three. The result is always 
much less than the truth, for it treats as pyramids, or thirds of 
prisms, the wedge-shaped pieces which are really halves of prisma. 
It is farthest from the truth when one of the areas := 0. 

5. IRItECULAIt CROSS-SECTIONS. 

The uroBs-seclion of the ground, at right angles to the directiun 
of the roadj-has been assumed to be level. Sut the height of [be 
■urfuce of tbe ground nsnally varies considerably within the width 
to be occupied by the future road, and renders necessary tbe taking 
of levels nut merely on (he centre line, but also on ihe sides ttt the 
points in wbich the eidc-slopes, of the cuttings or fillings of the road, 
would intersect the eur&ce of the ground. Other intermediate Icr- 
els are also sometimes required. 

The height of (he ground above the grade line of the road on tba 
centre line is called the " cejilre cutting ;" and the heights at liw 
intersecliun of tbe side-slopes of the cuttings with tbe gronnd on 
each side of any station are called the "right cutting" and " left 
colting ;■' abbreviated inLo C. C R. C L. C. 

In embankments, (he correspunding heights are called " centre 

bank," " right bank," and " left bank ;" usually written C B 

R. B L, B. 

For greater aoeucocy, these cross-sections should be taken tl 
every chsJn or less. If an abrupt change in tbe level of the ground 
requires a levelling between these regular staiions, it is called on 



MCtiuns. The slopea i 
the road to be 30 feet. 
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We will proceed to eketch and note each cross-section, writing 
each height veilically in its appropriate place, and show how its 
area is obtained by dividing it into triangles, of which the Ism and 
height aie known. 

At station 1 the cutllog begins, with an area ^ 0. 
Rg. 149. 



^: 



^ 



At station 3, Fig. 149, the section is of uniform depth.uKl its 8i 

is Bimplj'(20 +8X2) X 3.0 = 48. 
Fig. 150. 



6. X 10. X 10. X 6.8 

At station 3, Fig. 150, the lower left-hand triangle = — - — = 
10 X 3.4 



The luwer tight-hand ttianglt 

The tno remaining triangles 

The etuire area ^erefore 
24 



3.6X (0+10+10+6.8 



==:49.G4 
to74.M ■ 




yo 



At slalinn 4, <)nly twu levels were Ihoaght necessary, viz. those 
of iKe ouIsIiIq tunings, without the centre one. To find ihe area, 
coQaider the figure as a IrapeKaid, minus the rigbl-sngted Irianglea 

Trapezoid = (6 + 30 + 4) X ^^|-^ = 78. 
Left.liand tiiangle — - — ^ — * 
Righl-hand triangle ^-^ ^ —i 



Area of ci 



-13 



-IS. 



A simple algebraic exprexsion for thia area may be fbund thai 
call the breadth of base li, the outsiJe cuttings d and e, the ratio of 
■ide-alcipeB to unity (. The area will be 

jb + id + xi) jd+e) ad" m' ,d + e 



4 



r_j^^s- 



- + ide. 



The above example would then be 90 X --{- 2X3XS-— S0 + 
19^62. 

Fig. 153. 



Between sUtiona 4 and 5, at 60 feet from the former, an tnlerma- 
diite crosa-aeciion was made necessary, by the cutting " 
eut" on one side. The area. Fig. 153, ia only the single triangl* 



I 

4 



n 5, 40 feet fdTthei, the cutting entirely rune ' 
It tiul pout beoomes 0. TtaB WBJwBltmwft^ift ■wwajwaw^ 
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36*7 



10. 




01 



irilh ftirea 0, at the preceding intermediate station, and jmi thi» et^- 

-10. 



10 V s 

tion Its area, Fig. 153, is 



2 
At station 6, the Gross-section' resembles that at station 3| iii- 

Fig. 154. 
6 X 10. X 10. X 13. 




verted, and is calculated in the same manner by division into 
luangles, as is shown in Fig. 154. 

Left-hand triangle - ss 



Right-hand triangle - as 
Two remaining triangles =: 



3 

10 X 6 

8 
4 X (6+10+16 + 18) 



» 15. 

r» 30 

» 76. 



Entire area 



Entire area, . . . . sa 

At station 7, the -mbankment runs out, and the area »> 0. 

> 



131. 



MEAN HEIGHTS. 

To apply the prismoHal formula to eases of irregular cross-seC" 
tionsj it is necessary to calculate the mean heights of these cross- 
sections, to be subsequently averaged together to find the middle 
height, which produces the middle area. The following problem la 
therefore to be solved : Given the area of any irregular section, re- 
quired the mean height which would produce the same area, the 
luma afld slopes rematmng the same. 



Let a lepteatat [hs given area ; b ilie breadlh of base ( 
bed ; 9, ibe ratio of aide-sIopeB lo unily ; and « the mear 
required. 

Then a^sx'+ bx ; by solving which equation we obtaji 

'=v/[:-+ar]-i 



In all ihe preceding examples, ^ = j 



Atst 



n 3, (p. ; 



= 74.6 . 



= ^(!H+.)_.. 



mean height be verified, it 
Thus substituting ft in the 
B'+ 20X2.89 =—74.6. 
:hls for t!ie reuiiiining 



V62.3 — 5 = 7.89 — 5 = 2.80. If tlii 
will be found lo.produce ihe original area, 
above expteasioQ fur a, we obtain 2X2. 

A »imiln.r process will give the mcnti 
i^riisB-aee lions. They ni.iy then be en)plrye(l, ns ivere Ibe uniform 
heighia in the origin.il examples, to iind the middle heights, and 
thence the middle areas required by the prismoida! formula; or 
as the values of g and h in the ciu>ier formula;, whith have been 
therefrom deduced. 

In most cases, it will I)b sufficicnily accurate to take only Uirx 
lerds, viz. at the centre, and at the fiiot, or top, of each side slujie. 
The "equivalent mean height" can tlicn be at once oblaiiicd by Ihe 
following easy formula, in which c^the cut or fill nt the centre, 
and ji and q the outside cuttings or fHlings: 

V(sp-i-sq + bY{b-+2sc) ~b 
^~ 2s 

When the " distances out" are given, calling them d and iT, 

^=^— ^__ __-. 

In .Sidfinng ground, a!, in Fig. 151, if the level hi llio e 
nsed 1IE4 if Ihe ground was level, the resniting area will bo t 
finFiff. 151, = 61.5); if 1 lie mean ot VVio Vvio cWiettus Unela be 
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27te JVationnl Series of Standard Sc/tool-SooIti, 

ORTHO GRAPHY AND R EADING. 
} STATIOI^AL SERIES % 

READERS AND SPELLERS, 

J3T PAEKEPv & WATSOK. 

National Primer * 25 

"National First Reader 38 

National Second Reader t^s 

National Third Reader 95 

National Fourth Reader i so 

National Fifth Reader i sa 

National Elementary Speller 25 

National Pronouncing Speller 45 

ThiA nnrlraled fleriea has acquired for lt»]f during h rery fcv yean of publle^tlon, 

bme space of tlmO' No contompornry booka cod be at all compand with them. Tbo 
■TeragE Annual increase Id circulation cicceda 100,000 volumes. Wb chaUcneo rival 

briiifly rBcapilulated as fallows ; 

1. TEE 'WOSD UETHOD 8T6TE1I— ThlifUnauiproErenlTeniclhadforfanTiB 

totmeA bypreBilne oi afflilng alnsle Ictlera, andintbus Isd almost Inscnilblf lo l)i« 
nmiteiT Df the more diffltull cunilruetlsna. Tills In juBtly ri^gariled aa ooe of tUo 

2. TREATMENT OF PK0iniNOIAnOir.-Th« 7r.i.la ofllicyouIlKest scholars 



I 



AKTIOULATIOK AHD OETSOEPY ore recopiiiod u of prira:ii7 i.n- 



^ 



Tfie Jfatioiiul Series of Staitdm'd SchcolSooht. 



4. FDHOrOATIOH i" LiBiL«lrd hyfl I 



1 



n(3d,4tta>TideLh)co 



i, THE S£I<£0TI0N3 ■ro this cmvalne glurr qFI 
In. 80 nccepUbLs bu the tuU of Ihn aalliora In thi 



D, ru( 









7. AaBAXaBUEST, The emclsoi 
Urtst .nd incuLMllog. prlDtiple of flMoci 



9, ILLnSTRAnOSa. Tl.™ >n plentiful, .In. 
cliarnctcrararL Tliey ire found Id ever/ Tuluma of t 
tlie Tlilrd Header. 

10. TSG QB&DAIIOH ii pcrTeiit. Euli Tolan 
oeillne or foUn»ins m 'ho mrlBH, h Uut Iba uholiF, 



deportment proTod, not only 
rot Urge, thai tbouwindiof 
r my Into pnU^ vaA i^vftto 
Uqt UB« >< Diaiiiiab of Ulei^ 



ifuee, nnd of (ho hlgli«t 



■I»p> lU comp«nliin pro- 
tbo InuujUon, 



11. THE PBIOE I" r 
ofKUolnerdertbiUbcpi 
in the markBt." butimra 
cutod by tbc respDctlVB nu 



12, BIKDlFfl. Byllidi 



nibti!. The booki 
.bcr. mighl lie ahl 
.0 torff* fnoJV^ to 



EiisI and proocBi knovn oEly t° tliCBinlT**, 
9 hunsi, the Nntloul Iteadare ore irarrsotcd 
jmpjuBd — the ratio of idMlTS dnroblUtr tie- 



1 



The JV'atioiial Series of Standard School-fiooks. 

SCHOOL-ROOM CARDS, 

To Accompan; the ITi^tional Headers. 
Eureka Alphabet Tablet n 60 

PrcseTila tiM a]pliiil)i.'t upon llic Word Mcfluxl Simeiii. brvhldi Itia 
clilld vlll )»irn t\\f nlphibi:! In Dlric ixj^ BBd uuka ng nuU pn>greaa ia 

Nalional School Tablets, lo Nos. *7 50 

READING. 

Fowle's Bible Reader ti oo 

Tbf niirrB.tive portlnnn of Ida Blbli?, chrono[i>EliMil1y mr) toplotll* it- 
nngBd. ludlctoualycDniblniidirlbhwIecllDaafioiulliDl-Hlmi, provnrba, 

tinlluarciirtuUiiUr. 'rbaBinbimuBiHBt «d dlAcullyar nudliiK thn 
Hilda ILHlC b^ cDuru. u ■ ckia eianlu, «• nbvLiicd, ud iu una uuds 
foulblu, by tUl]i nieaiu. 

North Carolina First Reader so 

North Carolina Second Reader 75 

North Carolina Third Reader x oo 

PriTiBroa pipfBSaly /or Ihp jchoolaiif lhl>ai»t?. brT. H. wn»T, Supi-r- 
Inlsiide.iiof Cu.ii.ii"!! Bi-liorjli, uid F. H. Hnbbiird, ProlBHor of Li[ur». 
■ture Id the Butrt Unlfgrsilj. 

Parker's Rhetorical Reader i oo 

Introductory Lessons in Reading and Elo- 
cution 75 

High School Literature i go 

Adn>lrHblfl ■etettloat from n1"n^ Iletof ItiDiTDrld'H brst irritera, fbrpv- 
iTntory, HTid CDTtipgiEllDo. BpMDbu, dlakigiiQB, and 




r ^'atioual Series of Stamiard Sc/iool-Soolbf, 



GEOGRAPHY. 



NATIONAL 6E0GRAPHIGAL SYSTEM. 



I. Monteilh's First Lessons in Geography, % 35 

II. Monteith's Introduction to (he Manual, ■ 65 

III. Monteith's New Manual of Geography, ■ i oo 

IV. HonIeilh*s Physical & Intermediate Geog. i 75 

V. McNally's System of Geography, . - . i 88 



1. PKiCnCAL OEJEDT TEACEIBa. The Infiml 

of iSY Ka6 night, the dtitiibotion of lind sod laXtc. soil i 

Inraa foUmr on the Mine pim. and the elllld's ndnd ]■ ui 
without the aid gf ■ ^tortal illoalralian. Cuniei 

tpparenl ta the most olUBSe. The DJustretiona nied tor thii purpose belong » (ha 

a. OLEAE, BEADTIPOL, AHIl OOaKEOT MAPB. In the lawer nnn.bev» 

pniiH nev mutter (ov acquIsiUoa each tine bo upproAelieB In the KdidtaEUJy enlnrglnE 
vlrolb the point or coletidenon vUb prevlmii leaHnv In .the more dt-'uentiuy bdoka. 



tt iDaff'boon ofilcbnctfid far 



10 plice of Iha ilirtling gitra et hilUFniaiil 



w 

^^^ rAe JVa/iottai Series of Sta>iaard School-SookS. , 


^^^B GEOGRAPHY -Continued. 




^^^P 3, THE VABIETT OF HAP EZEBOTBE, St. 

^^^^r iB^a, tho pnpil la omaj InitaneeH approaf.hea Iho aa 
^^V Hia. milellblriiDprnaiiliif It u]»:ibiii«e<norr. Atth 
^^^H ^k»o»id Is bHonevesrlKmie-the Client cfeiercUe« 


ting each ttoe from a different 
Die fact no lew than aiif. Umia, 
c aatue lime ftia syBtan. Ig not • 
each ndjecl being endnated 


^^^ 4, THE OHAHAOTEE AND AKSAKQEKEHT 

1 THXT. The cream of tile science has bcr>n eareriiliy 


OF THE DEaCEIPTITE 


Jected. *l»ljor>Hi.o aTClited, and li briE^f and niKiae manniirof prf KBti.tlon mllivated. 
L Ttie otderljr coorfderalion of topics haa contrllinled greWly to ifrnpUcilj. Dua atlen- 
^^^^ tlon il paid to the Acts In hisUry and aatronomy vhicb an InKtnnbl]' Cdimeiltea 

^^^H idmltted on any Icrmi In a word, the NBlionBl System Icacbea geosraphy aa a 


^^K a. ALVAT6 HP TO rSZ TIUES. Tho author, of lhn» bocks, edilorlaUr 

^^^B Hw, no new discovery Is msde, or railroad huDl, tbal la not at onoe noted and p»- 
^^^H tordsd. and the nesl edltiioa of euoti volunie earrloa to evory Bcbool-room the new or- ' 
^^^ <<!< of Uilnga. 


1 e. SBFEBIOB OfiASATIOF, •Sa> W the ooly series ■Mob ttindEilieii an avaQ- 

>nd S, or where chlldno are somewlut mdvancod la other .Iqdiei when they com. 
mence geoKraphy, Noa. S, B, and R Wbera but (ko boots ate adniisaible. Nob. 1 and 


V. rOKM OP THE TOLDMES AND KPCEAlflCAL EIEOUTION. Tie 

^^^ ored praclice of making telt-t>oofca on IhU auldect ae inconTonltint and HqiaosiTe aa 
^^^^ poBBlhle, Oa tho contrary, ali map quealiona are to he fonnd on the paga opposite tl'e 

^^^H -gnriTalled. Fnper and prlultnj; are everything that could bs deand, and Iba Inud- 
^^^V iDEia— d. g. BarneautdCempany'a. 


^^^^^^v Dinlmr'c M on T^t^ATjifinn »\ Sii 


^^^^H inpicy s niap urHWiny 

^^^^B Till, syatoni adoptl the circle a. its haala, abando 
P proved not feaaible or natural la the development 


ning the procmses by 
4t, which have boon 


L National Outline Haps 

^^^^H Fcr the schDnIrooui valla. In prcpacatloib 


^ 



I'he ^'ational Series of Standard Sc/ioot-SooJbt. 

MAT HEMAT ICS. 

BA1IES' lATIOIAI eOlIBSl. 

ARITHMETIC. 

1. Davies' Primary Arithmetic $ 2S 

2. Davies' Intellectual Arithmetic 40 

3. Davies' Elements of Written Arithmetic 50 

A. Davies' Practbal Arithmetic 1 OO 

Key to Practical Arithmetic ■! 00 

5. Davies' University Arithmetic 1 60 

Key to University Arithmetic .*! SO 

ALaEBRA. 

1. Davies' Naw Elementary Algebra 1 35 

Key to Elementary Algebra ^1 25 

2. Davies' University Algebra 1 60 

Key to University Algebra .*\ fsa 

3. Davies' Bourdon's Algebra 2 3S 

Key to Bourdon's Algebra .*3 33 

G-EOMETRY. 

1. Davies' Elementary Geometry and Trigonometry ... 1 40 

2. Davies' Legendre's Geometry 2 25 

3. Davies' Analytical Geometry and Calculus 3 iiO 

4. Davies' Descriptive Geometry 3 75 

MENSURATION. 

1. Davies' Practical Mathematics and Mensuration . . . I 40 

2. Davies' Surveying and Navigation 3 SO 

3. Davies' Shades, Shadows, and Perspective 3 7.> 

MATHEMATICAL SCIENCE. 

Davies' Grammar of Arithmetic '50 

Davies' Outlines of Mathematical Science *1 00 

Davies' Logic and Utility of Maltiematics *1 50 

ies & Peck's Dictionary of Mathematics 'S T5 

10 



A mwiuat ot th* pilnolptN and 

Stwitord UrtvaraH^ Uhnri tj, 

iiiiniiiiHMiiiii 

3 6105 041 646 808 










